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PA . cNT COOPERATION TREAT . 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 
(PCT Rule 61 .2) 


To: 

Commissioner 

US Department of Commerce 
United States Patent and Trademark 
ofTice, PCT 

201 1 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
• ETATS-UNIS D'AMERIQUE 

in itis capacity as elected Office 


Date of mailing: 

11 January 2001 (11.01.01) 




International application No.: 

PCT/J POO/04280 


Applicant's or agent's file reference: 

662003 


International filing date: 

29 June 2000 (29.06.00) 


Priority date: " 

02 July 1999 (02.07.99) 


Applicant: 

NARITA, Shoriki et al 



1. The designated Office is hereby notified of its election made: 

I X| in the demand filed with the International preliminary Examining Authority on: 
20 November 2000 (20.1 1 .00) 

j I in a notice effecting later election filed with the International Bureau on: 



2. The electron 




not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The Intemationai Bureau of WiPO 


Authorized officer: 


34, chemin des Colonnbettes 




1211 Geneva 20, Switzeriand 


J. Zahra 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22)338.83.38 



Form PCT/IB/331 (July 1 992) 3750624 
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ATENT COOPERATION TR^Y 

From the INTERNATIONAL BUREAU 



PCT/J POO/04280 

g\7 



PCX /^>\ 

NOTIFICATION CONCEKiil^^^ 
SUBMISSION OR TRANSM^^i.^^^ 
OF PRIORITY DOCUMENT"^=is2S^ 

(PCT Administrative Instructions, Section 411) 


To: 

AOYAMA, Tamotsu *Y ; 
Aoyama & Partners 
IMP Building 

3-7, Shiromi l-chome-i, '^^ * . 

Chuo-ku, Osaka-shi 

Osaka 540-0001 > 

JAPON ^ , >^ 


Date of mailing (day/month/year) 

07 November 2000 (07.11. 00) 




Applicant's or agent's file reference 

662003 


IMPORTANT NOTIFICATION 


International application No. 
PCT/J POO/04280 >/ 


Internationa! filing date (day/month/year) 

29 June 2000 (29.06.00) v 


International publication date (day/mo nth/year) 
Not yet published 


Priority date (day/month/year) 
02 July 1999 (02.07.99) ^/ 


Applicant * 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. et a! ^ 



1. The applicant is hereby notified of the date of receipt (except where the letters "NR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by sn aste.-ick appearing next to a date of receipt, or by the letters "NR". in the ricjht-hand column, the priority 
document concerned was submitted or transmitted to the international Bureau in compliance with Rule 17.1(a) or (b).. 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An astertsk(*) appearing next to a date of receipt in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention 
of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 



Prioritv date 

02 July 1999 (02.07,99)^ 
15 0cto 1999 (15.10.99)^ 
29 0cto 1999 (29.10.99) ^ 
15 Nove 1999 (15.11.99) - 
20 June 2000 (20.06.00) ^ 



Prioritv aoplication No. 
11/189053 ^ 

11/293702 ^ 
11/308855 ^ 
11/323979 ^ 
2000/184467 



Countrv or regional Office 
or PCT receiving Office 

JP ^ 

JP ^ 

JP . 

JP ' 

JP ^ 



Date of receipt 
of priority document 

18Augu2000 (18.08.00) 
18Augu2000 (18.08.00) 
18 Augu 2000 (18.08.00) 
18Augu2000 (18.08.00) 
18 Augu 2000 (18.08.00) 





The International Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzeriand 

Facsimile No. (41-22) 740.14.35 


Authorized officer 

Tessadel PAIVIPLIEGA 7^ 
Telephone No. (41 -22) 338.83.38 



Form PCT/IB/304 (July 1998) 



r003639729 
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NT COOBEBAJION TREA 

IF 

1 3, 1. 2^o4i the INTERNATIONAL BUREAU 



WO 01/03176 
PCT/J POO/04280 



PCT 



NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 



•|?5>^0YAMA, Tamotsu 
Aoyama & Partners 
IMP Building 
3-7, Shiromi 1-chome 
Chuo-ku, Osaka-shi 
Osaka 540-0001 
JAPON 



Date of mailing (day/month/year) 

11 January 2001 (11.01.01) 






Applicant's or agent* s file reference 

662003 


IMPORTANT NOTICE 


international application No. 
PCT/JPOO/04280 ^ 


Intemationai filing date (day/month/year) 
29 June 2000 (29.06.00) ^ 


Priority date (day/month/year) 
02 July 1999(02.07.99) 


Applicant 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. et al ^ 



1 . Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

KR,US ^ 

In accordance with Rule 47.1(c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the International application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

CN.EP i. 

The communication will be made to those Offices only upon their request Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1(a-bis)). 

3. Enclosed with this Notice Is a copy of the International application as published by the International Bureau on 
11 January 2001 (1 1.01.01) under No. WO 01/03176 

REMINDER REGARDING CHAPTER II (Article 31(2}(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later In some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 1 9 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further Important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/lB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



The International Bureau of WlPO 


Authorized officer 






34, chemin des Colombettes 


J. Zahra 




1211 Geneva 20, Switzerland 




Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 




Form PCT/IB/308 (July 1996) 




1 3753599 
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D STATES PATENT AND TRADEMARK OFFICE 



In re application of 
Shoriki NARITA et al. 



Attn: BOX PCX 



Docket No.2001 1876A 



Serial No. 10/019,700 

Filed January 2, 2002 

BUMP FORMING APPARATUS FOR 
CHARGE APPEARANCE SEMICONDUCTOR 
SUBSTRATE, CHARGE REMOVAL 
METHOD FOR CHARGE APPEARANCE 
SEMICONDUCTOR SUBSTRATE, 
CHARGE REMOVING UNIT FOR 
CHARGE APPEARANCE SEMICONDUCTOR 
SUBSTRATE, AND CHARGE APPEARANCE 
SEMICONDUCTOR SUBSTRATE 
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SUBMISSION OF ENGLISH VERSION OF IPER 



Assistant Commissioner for Patents, 
Washington, D.C. 

Sir: 

An English language version of the International Preliminary Examination Report is submitted 
herewith for the Examiner's consideration. 



MSH/kjf 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
January 30, 2002 



Respectfully submitted, 
Shoriki NARITA et al. 



Michael S. Huppert 
Registration No. 40,268 
Attorney for Applicants 
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PATENT COOPERATION TREATY 

^CT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
662003 


™„ CTiDTuiTD A/-ri«».i SeeNotificationofTransmittaloflntemational Preliminary 
FOR FURTHER ACTION Examination Report (Fonn PCT/IPEA/4 16) 


International application No. 

PCT/JPOO/04280 


International filing date {day/month/year) 
29 June 2000 (29.06.00) 


Priority date (day/month/year) 

02 July 1999 (02.07.99) 



International Patent Classification (IPC) or national classification and IPC 
HOIL 21/60, 41/22 



Applicant 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 

1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 3 sheets, including this cover sheet. 

I I This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
^ — ' been amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70. 16 and Section 607 of the Administrative Instructions under the PCT), 

These annexes consist of a total of J \ sheets. 

3. This report contains indications relating to the following items: 



I 




Basis of the report 


II 


□ 


Priority 


III 


□ 


Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 


□ 


Lack of unity of invention 


V 




Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 


VI 


□ 


Certain documents cited 


VII 


□ 


Certain defects in the international application 


VIII 


□ 


Certain observations on the international application 



Date of submission of the demand 

20 November 2000 (20. 1 1 .00) 


Date of completion of this report 

29 November 2000 (29.1 1 .2000) 


Name and mailing address of the IPEA/JP 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (July 1998) 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JPOO/04280 



I. Basis of the report 



1. With regard to the elements of the international application:* 
the international application as originally filed 

I I the description: 

pages 

pages V -■ • ■ 

pages ' ' • ' ' • 

I I the claims: 

pages 

pages 

pages 

pages 



, as originally filed 

., filed with the demand 



, filed with the letter of 



_^ , as originally filed 

, as amended (together with any statement under Article 1 9 
, filed with the demand 



filed with the letter of 



□ 



the drawings: 

pages 

pages 

pages 



, as originally filed 

, filed with the demand 



. , filed with the letter of 



I I the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 



_, filed with the demand 



. , filed with the letter of 



2: With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or fiimished to this Authority in the following language ■_ - which is* 

□ the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 

□ 

the language of publication of the international application (under Rule 48.3(b)). 

the language of the translation fiimished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 

preliminary examination was carried out on the basis of the sequence listing: 

□ 

contained in the international application in written form. 

□ 

filed together with the international application in computer readable form. 

□ 

fiimished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently fiimished written sequence listing does not go beyond the disclosure in the 
international application as filed has been fiimished. 

ieilt?^stff\a h2is 



4. 



□ 
□ 



The statement that the information recorded in computer readable form is identical to the written^ 
been fiimished. 



The amendments have resulted in the cancellation of: 
the description, pages 

I I the claims, Nos. 

the drawings, sheets/fig 



written seouence aistrngi 



i3 



^ I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
— beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item J and annexed to this report. 



Form PCT/IPE A/409 (Box I) (July 1998) 
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INTERNATIONAL PRELIMINARY EXAMINAISON REPORT 



International application No. 

PCT/JPOO/04280 



V. Reasoned statement under Article 35(2) with regard jto novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (lA) 



Claims 
Claims 

Claiins 
Claims 

Claims 
Claims 



1-43 



.1-43 



1-43 



YES 
NO 

YES 
NO 

YES 
NO 



2. Citations and explanations 

Cited in the ISR: 

Document 1: JP, 1 1-87392, A (Oki Electric Industry Co., Ltd.) 

Document 2: JP, 1 1-330573, A (Toyo Communication Equipment Co., Ltd.) 

Documents 1 and 2, cited above, do not describe a specific means for removing electric charge 
from an electric charge generating semiconductor substrate that generates charge in response to 
temperature changes. 
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INTERNATIONAL SEARCH REPORT 



Intexnadonal application No. 

PCT/jP00/b4280 - 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl' H01Ij21/60 H01L41/22 ^ 

According to International Patent Classification (I PC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentadon searched (classificadon system followed by classification symbols) 
Int-Cl*^ H01L21/60 H01L4i/22 



Documentadon searched other than minimtmi documentation to the extent that such docimients are included in the fields searched 



Electronic data base consulted during the intemadonai search (name of data base and, where practicable, search terms used) 
F TERM SYSTEM (Japanese Patent Office)-^ 

DIALOG (WPI/L) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 11-87392, A (Oki Electric Industry Co. 
30 March, 1999 (30.03.99) (Family: none) 



Ltd.) , 



P/A 



JP, 11-330573, A (ToyoCoinmunication Equipment Co. , Ltd. ) , 
30 November, 1999 (30.11.99) (Family: none) 



^ 1-43 



" 1-43 



I I Further documents are listed in the continuation of Box C. See patent family annex. 



* Special categories of cited documents: 

*A" document defining the general state of tfie art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international Ixling 

date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

'^O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the intemadonai filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

**V dociunent of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
07 September, 2000 (07.09.00) v 


Date of mailing of the international search report 

19 September, 2000 (19.09.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsinule No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 
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(19) i&^*nMRff^«iatg| 




(43) HIS^ggH 
2001 ^1 ^11 H (11.01.2001) 



PCX 



(10) BBg^HS^ 
WO 01/03176 Al 



(51) 




HOIL 21/60. 41/22 


(21) 




PCT/JPOO/04280 


(22) 




2000 ^6 ^ 29 B (29.06.2000) 


(25) 






(26) 






(30) 








4$il'Fl 1/189053 


1999 ^7 fl2 a (02.07.1999) IP 




11/293702 






1999 ^10 15 B (15.10.1999) JP 




4$ 11/308835 






1999 ^10 ^29 B (29.10.1999) JP 



¥11/323979 

1999^11 ^ 15 B (15.11.1999) JP 
4#IS12000/1 84467 2000 ^6 ^20 B (20.06.2000) JP 

(71) mmx(^m^u<±x(r>^'S,m\z'z>i^x)iVtT'm 

«it mttiC^ftt (MATSUSHITA ELECTRIC INDUS- 
TRIAL CO., LTD.) [JP/JP]; T 571-8501 ^EJfiFPlJlrfi 
:*:^P^3ll006S16 Osaka (JP). 

(72) 9gB^#;JS^rj: 

(75) *eB%/a3lSA f^SlCO INTCD^): ^HIE* 
(NARITA, Shoriki) [JP/JP]; =r 573-0018 'XW.^^')5 
rtiJtSfiPr 45-2- 1104 Osaka (JP). m^%^ (TSUBOI, 
Yasutaka) [JP/JP]; =f 573-1 146 ^ RE iff tfc tfe If K 
3-17-33-301 Osaka (JP). ?teSStiS (IKEYA, Masahiko) 
[JP/JP]; T 591-8022 *KJff Wifi Br948-2-N102 



(54) TiUe: ELECTRIC CHARGE GENERATING SEMICONDUCTOR SUBSTRATE BUMP FORMING DEVICE, METHOD OF 
saaas REMOVING ELECTRIC CHARGE FROM ELECTRIC CHARGE GENERATING SEMICONDUCTOR SUBSTRATE, DEVICE 
^= FOR REMOVING ELECTRIC CHARGE FROM ELECTRIC CHARGE GENERATING SEMICONDUCTOR SUBSTRATE, AND 
^= ELECTRIC CHARGE GENERATING SEMICONDUCTOR SUBSTRATE 

^ (54)«e8(Z)««i:mit9is*3Htai«ffl/^>:^jKjacsa. a?^fs**3W*s«a)i»m:&a. 




(57) Abstract: A bump forming device (101, 501), a method of remov- 
ing electric charge from an electric charge generating semiconductor sub- 
strate executed by the bump forming device, a device for removing elec- 
tric charge from an electric charge generating semiconductor substrate, 
and an electric charge generating semiconductor substrate, in which py- 
roelectric breakdown of and physical damage to the electric charge gen- 
erating semiconductor substrate (201, 202) can be prevented. At least 
when a wafer (202) is cooled after the bump bonding to the wafer, the 
electric charge build up in the wafer by the cooling is removed by di- 
rect contact with post heat device (170) or by temperature drop control 
that allows electric charge to be removed in a noncontact state. Thus, the 
amount of electric charge in the wafer can be reduced as compared with 
the prior art, thereby preventing pyroelcctric breakdown of the wafer and 
occurrence of damage, such as cracks, to the wafer itself. 
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^j^ifPisn 4 1 6 Ki, i2i7tz7F:-rj: 9t-i^m;^^#i 4 1 6izn\^xmwa'^ 

miiZMmLX^^Hnhti. mmm^mm^i 4 1 e i(D«i;^f6](::;^ry v^- 

14 16 2{c-r#^$n-cv^-5„ X. mmmmm^ui 4 1 e 1 i^jifts!^^:^ 
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^(DXo fj:mm,mmp^^u 1 4 1 e at. ±mmm^mn^ 1 4 1 e 3 ^^s/^^ 

-7'm^mK7=^y^2 0 1 (7)«B2 Ola izmm-t^ZLtX'. S»®2 0 1 a {C*D 

i^w^ti^m<Di^mxi:^. ^Mm^M^ui 4 1 e y^^^ym^mt^^^^ 

201 <7)J¥^;^fRj(::joV^T. l 4 i 7 i: 1^ u^/ui^ L < fi^lfe^tm i 4 i 

7^^;tT^aiUTV^5o f^^llfife(3:J:«9. 1 4 1 1 V^t" 

m^m^=^^^2 O 1 ^{^4#UJ; 9 i:-r5i:#. i^WJM 4 i 7 :A'^^<^^-^mmm 

h7^/n2 0 1 {^^tt-r5itj{^i^s>^^)i4m^i 4 1 6 i7!)^y<'^-ym^m^:^y^ 
t>-e#§o i^mfflwi 4 1 6 {zi^mffl^)^gpt>t 1 4 1 6 i^M^Hn^ 

mmzW^t£.^ti^ h(DX\-tt^ < . m:^\^m S (::;^-r J; 9 l^. 1 4 1 7 

isittpjnsiiiis^itgp^i 4 1 4st>*M2{^it§p*ti 4 1 5{c. t^jsioxfi^ 

mttWi^{::"r7tc 19 iiia^ffi 2 0 1a i 4 i 6 4 ^Sii^^ 

— ^aixN2 0 1,2 0 2 {^iaV^T. l^mfflMMgPtt 14161 t^mm-t 
-5, !i7^^^2 0 1, 2 0 2 0*ffi2 Ola <7)j^^g^5:$^ 2 01c tdfl, ^® 2 0 

1 a(^^miSr^^6tJt^l^*^tg^<eJ; 5}^, m9\:i7f:-ti:oKT;i^%^^M.m2 
fi, n.-mm^mm^i 4 i e i t>Tj^^^^M.m2 o s^c^/tei-;^:: .tT^m 

mz^m2 0 1 a(D^m.^n^ ^Ltfi^x'^^. m o{C7j^-rj:5(-. -tie 

j^^lH55^2 0 1 c \Z.X. 3 ®^Je;^±<^®^{C|^mffi^/teg|5*t 14 16 1 

;tSJ:5J', HI 1 0{::7j^-t-c}: 9 'y=^^^(D^^U6^\z.^Mm^miMUi4i 
6 l;6^^teL,Tt3tl^O:ilS/^V^c$^5— tr/H 4 1 6 5 ^f^fijc UT^Jt . 

^ — tr/u 14 16 5 \z.nm-ir:b{iLm.\::mm.mi^m.^m 1 4 i 6 i ^ibs y 
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^— feyn 4 16 5 izi\^m^n^m.n^mmm^^^m< :ithx-^^o i^. 
m^u^2 1 1 ^!>^^>/6^e)^<9aii-/c:46<7)<$'V>->^"^-r>-2 1 2!^. 

^AI^2 0 3 {c;^-eM^b-CV^>5o li^i-Sm?^(i'>^^^C0±iE^E2 Ola 
16 1 ;i5T/^ 5 = M^m 2 0 3 {^^ftt-TS w <!: "C, ^ — fe/L' 14 16 5 _b(0 

^m6ij{::«®2 0 1 &<Dwm^no^tt^x'^^o ±j!^(d X ^ izimmm 

^m^^l 4 16 1 ir/H 4 1 6 5{::ii:^^M$ii:S^i:-C\ mm 2 

Ola 0|^^^fToTt> 

gli os.o^lii6 9 ^c7i^i-v^-m^^^f3t^-*5v^T'b. Jtia^J^^:— t^n 4 i 6 
5oi>j:y>±-e<D?F^^f2:ff{i. ±iz!i<7)j: 9 ici^mffi^feb^PIt 1 4 i 6 i {^>^j-^c:; 

5„ i^. r<^:^-^. ±l2«^^^JgFf{^?FMLfci5^^— i?/H 4 1 6 stem 

-r^x^ iz, ^.mmmmm-t i 4 1 6 1 nmm^ti?>o 

W:i^2i i^^^^xo^ii^^ ^(Dm-hmmzxm^x.fz.-A^. y^— fe/n4 

1 6 5<?)go^{iwtL{3Pg^$tL5t><7)-e{t7'ctV\ ^5^'^—- tr/H 4 1 6 

— tr/p i4i65-icoJ:9t-. 0*l;t{i'— o(^lHlS§?f^^gp^ 2 11 ^9 HA/ 
fz.WmV^ -e o T J; V >o 

X. -Ltfi^® 2 0 1a <D^m:)5^h±.m<Dmm.m^mi^m 1 4 1 6 1 (D^fA 
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14 16 1 iziXK.x^ xnmmmmmm^ 1 4 1 6 1 tmm u-ct>av\ 
3^. la 6 9 (Dmmx-it^ y ^ —n/u 1 4 1 e 5 ^mnmv k — -ty^ 1 4 1 e 

5 i^^i^'"^-!' >- 2 1 2 {w^icLTV^^75S, ^'5— t/H 4 16 5 ^^(t 

^m<^m. mmM^it^^T!)^. nmmxh^xt. ¥^^^i^'!f^^i^2 12^ 

ilLTT/W? ^'>A3I2 0 3:^>hM^^^^^X^ ^ ±fB^® 2 Ola (D^M^ 
mm<Omi'mmi^Xm^^7!)^. m^l^L i TaOa^L i Nh03^<D^t^^ 

^mi^^^^^(7)m^(Dj:oi^. mm.-r^m.n^^^mi^mmi^xoxi:i. mi 
So f^^ ^m^'o&tLx. m 1 2 (CTF-r^-v* ui. 0 . 3 5 mm. a:^ 

7 6mmO. L i T a O3 ^^^^<D^-^T 1 ~ 1 . 5 mm. L i N b O3 O:®-^ 
"CI. 5 ~2mm -So 

— ^mffl^/5!fem^i 4 1 6 1(1. m#^^^^^^^s^^^^B^^T±tes•9 

. i^mffiM 14 16 ^(Dmmm^mm^ i 4 i e i (Dm. 'o Hi-fm^x-n^ 
m 7 iZ7jk-rx 0 mmm^mm-i 1 4 i a i mmm^mup^ i 4 i e i 
<Dmi:^m\z<D^j^m^mxh^<Dx\ m^^^^^mi^mm(D±t&R izMit^ l 

m^^mi^&mii^ii:^ Lx^.mmmmm^ I 4 i a i;65^ftfeLfc,i:#. soxv^ 
mmm^ui4 i a i/5^e>±tB^i^^^¥#^^s^->^ii^ce;^/65f^fflL. m# 

(^mffiWl 4 1 6 --(T^l^mffl^ftfe W 1 4 16 1 (D^t^'fi-ft^j^^a'-^ 

^oMiilHi^fix Ell 3 -1212 1. me 5fC7j^-r^T<^J: 9^.c«it^;05$f^ Lv^o 
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4 16 (C-r $;i^i^(D-K 14 16 6 ^iS^t^ ^:A: 1 4 1 6 6 izm^ 1 . 5 ~ 2 m 
ma^O#mti<^> «?iJx.tf^JS<^^M(^T/^5l^mffi^fi!fegP*tl 4 1 0 O^lf 

ii y 14 16 2 \zrmmm^m^u 14 10 0 <Dm:^i^i^^^m.m 

mmmi 4 1 o o^f^^LTv^s„ *IIJ£?i^fli-e{i. —001^ 

MmmMm^l 4100^/c'9^49~98Xl 0-='N<t LTV^5„ X. 

m^^mi^mmi^mm^^mmm^m^u 1 4 1 0 oco—m^isi-f^n^i 4 

Ml 4 1 0 Oi^^^l 4 11 0:^fp]{cS»JL^-rv^J; «FiJ;t{CTlii9^R 

mm'm^LXh^\^^L. mmmmm^ui 4 1 oocd— jsst^. mi 4tc7j^-r 

J: e>t::««J;t{«^5mma^(D#mft<?). 0«J;t{^^J^(^^ l 4 10 5^. EI 2 
1 l::^i-J: ^JfcRf^ 1 4 1 0 6 ^^0{^^^tTt>^V^L. X> -LIB— SSSSrBI 6 5 

{^:^i-j:9f^¥^iyt{^s?i^uT'bJ:v\ i^. mm-r^mmmmm^^ 1 4 1 0 

1 4 1 O 0{i±H2^^ 14 11 0;d-f^t::SIib-t-'5o -LtBRfS l 

4 1 0 6<^ifei9{^its^^(^{i. i^R^i 4 10 6 (Dm^Mm^^^^mw- 

m^(DmM.1j^mim^1jmz.m.^-t^:^mz.f^ 5 J: 5 {::R1^ 1 4 1 o e Sria 
ei-^c X. ;ifc^W^S-e(i. l^ffl^fiifeSBWi 4 10 O(om.m^. m.^. r 

-•^m. 14 10 9 ^m^-t^m^-k^-^x^^-^o 

J: 5 tm^^^^^ w t x\ mmm^mm-f 1 4 1 0 0 fi. -rv ^)bt<^:^ 

14 16 6(DA^^^^j^^X.^.t LX-^^m^ :z t:A^X^ ^<DX\ IR'O^^Cfz 

m^^±H^mi^mm<D&imizjt^cx. mmmmm^ui 4 1 0 ofi^Rii 4 1 

1 o:^i^izmm-^mxh<o . m^^^^mp^mmcDmmtri^it^ ^ ^ t:A-x^ 
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1 5 {ci^-t-j: 5 i-x mmmuui 4 1 eizm^vtci&i^'Ki 410 21^1::. 2 

0(7)D---7 14 10 3 ^m'E:ti:mmi^XmMVX . M'I^IAI O 4{^TIeI^^ 
^\Z.^.m,mUUl 4 1 6-^^«9ftft> ±ia2o<7)n — 7 14 10 3tCT^^ 1 

4 1 1 o;^r6]t^SKi^Bg7^=e J: o \^^^mm^f&m^ i 4 i o 7 bn^. 1^ 

mm^m.m 14107 (DfM^icfi. m 1 e i^^-r i 9 i^. ©tewrggjc^it 

$tLfcP-^14108 ^WL. l^mfflg^^llfegPM 1 4 10 7 CO— iiSClfiita^ 

14 10 5i)^Jsi^nnhfi^o ^(Diio ti:W^m,mmmuu \ 4 1 0 7{i. 

y :/^-i 4 1 6 2 {::Tlft:^f^fc#^$nTl^mffl§P'H"i 4 i 6 

5o J:oT. l^m>ffi^Mla5t4- 1 4 1 0 7 0 0 — ^ 1 4 1 0 8(i. i^mffl^^^ 1 

4 1 6(D2r>(ou—=7 14 10 ^{zxmmt^hm^^M^'^^^fi^<r>x\ m 
mmmf&u^i 4 1 0 rn^^i 411 o:^r^izmw}^mxi>^ . m?^^^¥ 

^(bi^iiL(Dmmmt\^x. mi 7\z7r:^mm^^^:iti,x^^o mmma. 
mi 4.iL7ik-rmj^^^m^-^fzh(Dx\ mmmuui 4 1 eiz-t^m^xAo 

(Dn-'y 1 4 1 1 1 ^lHl^^tg(-^{ts — M^tCl^l 4 11 2^^ttfc^ 
mffl^/!i4Wl 4 113^. ±123^1 411 2;iS_tfB4oc^P — -7 14111 

(7:)4'*lH5trfiM-rs=t LTI^mfflWi 4 1 6l;:^'9f=t{t5o i^. ^i4 

112 li^T/y 14 16 2 J: 19 4 OtDn — ^ 14 111 i^f^^^nXV^ 
5o X. T — 1112 OJZl^^J: 9 7^.^?f^li[CT_hlB^l 4 11 2iZf5lVH 
{tTt>J:v^L. l^mfflm-t 1 4 1 etc^tJftftS J: 9{-LT4>J:v\ ^<7)j;5 

:^j:mm^t^:Ltx\ mmmmmmi 4 1 1 3{*. ±is^pni 4 1 1 o;fyf6] 

(T^i^T'^b'T. f^^Ri 14 11 o;d"f^}'ii:^-rs^^ 14 11 4::^[S]|^'b}^^;6^ 

$ib(cftii<^^?i^«ai<i: bT> mi 8 -EI 2 0 izTT^-rm^T^^m^ ^ t hx^ 
mmiMxit. mmmnui 4 1 6izii'r^0¥^<D'^i 4 1 e e^^it. 

Mi^a? 14 115 ^I3:ttfcI^m>^^i^*Sf|S^^4- 1 4 1 1 6 ±12^ 14 115 

^-hte:;^ i 4 i 6 6 i^mfe^ig/c^^tSf'-c^^^^-iirT. mmmuu i 4 i e 

IRl^ftttbttSo ^141 15 i^^" 14 16 2iZX'r: l 4 l 6 60 
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mmi^Hm^tixi^^^o ^1411 s^cd, mm.mu^i 4 1 6t<Dm^ 

T-y^mi 4 11 9^^^Lfc*mifPWl 4 11 7 7!)^P^y'V 4 1 1 

4 116. *m?fP*t 14117. T — 14119 ^ii «9 . 1^^^ W 1 4 

1 6\^MK>H\^fz.T—:^mi 4 10 9--ofen'5o :ic7)J: 5 i -5 r t T\ 

Wm^m^mUif^i 4 i i eii. mi 8(::7j^i-^{^t>tS(->ttbTV>-rtL<^:J^i«j{c: 

X. HI 1 8 fC7T^-t-]fe#tt«3t<^«$^Fij^ LT. HI 1 9 !^^-r J: 9 
i^ l 4 1 6 2 ^m^fz.^ l^mffl^M^tt 1 4 1 2 0^;ffilNfc«jt<h-r-5r i 

mi-^x.T. $ b(::JKAT<^>^;^>65#P,;tx5^ 0^19. 3^ i 4 1 0 5 J: 
0. «»J;t{i 1 9. 6x1 0-='Nm^o^/h7^^;^{3Tm#^^^#f^£t^{^^j^ 

x> 13 2 o t^7i^-r J: 9 smifPWi 4 11 y&D^^-T*!; >i/ i 4 1 1 
8>j^L. ^14 11 T—:^mi 4 1 0 9^j&y)Hnti. ^.mmmm 

mi^tt-<x^ffaMM^mmx^mm^mmitx^^(Dx\ hwm^m^^ 

^h\^i^(o^mmt\^x. me 5\^7f^-rmM^^^:Lthx^^„ ±M(om 

me 5 iz^-tm-mmmmm^ 14122 xa. mmmuu 1 4 1 e tc^ott 

Sl^mffl^MSP^t 14 12 2 (D^i^U^iZ ]) =T;(f>r K^T U 14 12 3 

^ssttTv^So J:oT. me 5 i^7j^-t-#iit-e{i. ^Mmmmm^i 4 1 2 2<75 

tti:^iRi-^(D^S!j{i. lil7(^7F-rfll5tl^*J{-tei^mffl^<5!bm4-i 4 i 6 i(Dm:)5 

^^(D^Wi\^it-<X^n\^mht^\zfj:^„ L/c75>oT. HI 6 5 {^TT^-ritii-Cli. 

i^m^sM^^ti 4 12 2i)mwi^f^\^mm.x\-th^i'K ^.^(ox.o^^s.^'k 
^c^mM^^^mii^mmKM\^x^Mm^mm 1 A i 2 2 (7)i<^^4^(D-^ 
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±t^mm,mmmm-i 14122 iz:tsi^x^ \)=^Tis^ k-<t y 1 4 1 2 

ti:WiWfm\Z.XWmrr^(Dlb^^^U-^ LV\ F!l;t{^±IB^><.-^/i-tc-Cf^^Lf:i 
^n^mi 4 1 24«. g^(rTitMbfcm#|c:tb-<-C. ^^#*{^T^l/^8 
4<t/^5o ioT. t^^Wf:|-l^T7t^^^^^gl5$t 1 4 1 2 4trl5(tSr <J:T\ 1^ 
m^^/ifelfliW 1 4 1 2 2;dsm#lg^^^«2«^JC^ftbLTm#^^^#^*:S^ 

^:ztf)^x%^o 

X. -btSI^Sffl^/^lfPt^- 14 12 2 (D&^^?i|<t LT. la 6 7 (Ztj^-T J: 9 

1 4 1 6 2{::f-t;t-cm'9 i 4 i 2 6 i 4 i 

2 5€:fll^i-6r i: t)-e#6o ;^:/y >i5^' 1 4 1 6 2 ^^ffi Lfc^^. 

14 16 2 (Dm^M. 19 [^mffl^ttg|SW<Dtt;^f6]-^(;)^lbftti J: t) m 
?^^^^#<*:Stg-^<7)|^mffiM«!fegB*t<^te;^;55^'ft:-r5:i>. M^) 1 4 1 2 6 

isi. _b3£ii<D, 013. I1I14, 017. mis. 020 iz7jk-f-^j^m.m^m 

lFB*t(;ijoV^Ttj. :^ZfV V^' 14 16 2i:iitx.xm^ 14 12 6 <£r^lt5«at 
<b-r^ r 31. m I 9 iZjjk-r^.m^i^^m-f l 4 1 2 0 izidi, ^X h . 

s«9 1 4 1 2 e^mn^mmt-r^^t^-^x^^. 
-Ltfi^y t — hmw 1 6 o fi. 0 2 2 ~0 2 4 ic;^-rct 9 MAmm 1 3 

1 ;i)^b!>^^Ni^itSI5l 4 11 izxi^mLtiy<>'y'mmm'^^y^2 O l ^^gU 

yozfTtor'^ y^'mi^!^x^^m2 1 ovH^^xm^-t^'^mxjh'o . jju 

m^t LT<7)^^°^^/^t-^ 1 6 1 ^W-r-S^^'^^/i-t— tJ'^l 6 2 ±{::ifti£tfc^a5 
Mi: UT<7). ;*:^ii?^S-e{i6mmi?OT/i^^-l>A;Kl 6 3^meLTV^;5o 
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T/u^=^r^j^i^i 6 3(D^=cy^mmmi 6 3a me siz^-txoi^^m 

TfV^z^'^h.WLY 6 3 <b^<^:7'?f^fifeHff^J'3i/N2 0 1 t(n>Wi(r>WiBM^-i^%<f^ 

1 t^is^jasbmi. T/i^^=i>-is^i 6 3<^?a;S^aij^-r6^!j;t{i*iftm*f<^ 

n5'b<7)T'«7t^< , Se^'^;ii^^$f7te#K-rv^:/^ff^^Hij'>a^/N2 0 1 tfb^ 

v>-fHt>!>^^>{5ftjtia5i 4 1 421^. ^f\.^tH^w\^ 

TV^5/<^•^?f^^H^i'>^^^2 0 lSt>V-<:/-7°?f^^f^'^7aiyN2 0 2 <^ff ^;^f^-- 

^fltf^jiyN2 0 1 ^±|5T/i-5:^ii7A;Ki 6 3 ±{;i^g-r:5 ^-?^/Ut — 

^5^ 1 6 1 SrW•r5^^°^/^t— ^#1 6 2StrT/^^ = l 6 3 ^_h|2Jf:;^ 

^f^---ig 2 3 ('Tj^-TT^fi^a 1 6 7 <!: 12 2 4 {Cl^-T Ji^f^K l 6 8 <!r (^rB^t-T 

^fiA^xD^i&^xi LXCO^T — v^y ^iS^'l 6 0 1 i:, l^^iT — v^y :y^'\ 6 0 
Ucr#l^$tL-5T#:?^(^^i#lH5M 1 6 0 2 i:. Wi.-XWW^ \ 6 o 2t::3t^$ 
i^/^°;^/^t-^#l 6 2S?J«T/l'5: = !>A;Kl 6 3i£r^i^i-5 2^(D^WWl 

6 0 3 t^m^^. Jite^i^T-v^y ^-^i 6 0 1 tt. ^jt^^ggi s ot^r 

ifewj^^^nsv-y v^'iEKj^a i e o 4 izxmi^^fi^o 

fix mm-r^xvi^=^T—iyV'^yi 6 0 lizji^^^mm^x^ . ^^^jvm 

-^#1 6 2 <^T/^^ = •>i^«l 6 3 t\-t'J^m\^T J^Wl\ 6 3 (7)^^iP 

^isii^-fr^r _hi2v^y i^^mmmmi e o 4s.t;^-bfB^T— ixy ^ 
^mmmmx-ii^ mTjk-r^xoi^xnwi e o 3{i^-?;^^yut-i5'#i 52^ 

a:iiL. ^(^^llSSP;6ST/U5:=l>A;^l 6 3lc|f A$t^TV^6o ^#^160 
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l^y»l&^B6T'fc S9 . 1 6 0 3 (D^1l^m^-^Tr^K=^^J^m 16 3 tt^it 

#1 6 0 3(^@^^^x5o ^ ^{-. iJ^^l 6 2 ^JT' 

fc5;^7°y 1 6 0 5 {ZTT/l^^ ^'^A^^l 6 3 --^f H^nXV^Sc J^oT. 
5 ^T-ixy ^-iJ^l 6 0 1 13 2 3 (^tj^-T .t 9 1 6 

7i!}^hy<^>^i^i^—^Wl 6 2 i:T/^5^!>i=.;Kl 6 3 i: {±— fl£6^(vi#|^-r5;6'^. 
±#B#. ^«i^g{::i9:{tibiT.TV>?);x h i 6 O 6 i 6 

2:6^^^^ Lfc^it. m 2 4 t^^-Tct 0 h 1 6 0 6 {^-C^-^-twl- 1 — ^ 

#16 2<7)±#;0S#:jh$n'5<^-C\ T/W5:^f>-t.tg 1 6 3(D^7b'^±^Ls 
10 /H:-^#l 6 2 <tT/w-$ — ^A^gl 6 3 <t<D5>^;dSfT^tLSo ^LTT/U^: 

^'j7A;isi 6 3/5s_b#{^:gi 6 8*-e_L#-rs„ :^mmnmx'i'X. ^SI^TNf 

(I*3{t5^^'^^^^t— ^5^#1 6 2 tT^\^^=^'>J^mi 6 3 <t<D|#:r«^{4. |^2~4 

6 0 6^^(tTV^6JLta^M{iz:g*T'fiT/^5:^'>A;Kl 6 3(DW 
15 ±Ha^/te^g:e)>^(i^-?^-/i't-i?#l 6 2 <i:T/i^$-l>A^l 6 3 i: 

;i5-^6<]mifETI^f&g 1 6 7*T-TI^-r5o 

}i^^=.^M&l 6 3<Z)?g.;^^f^4 0°C^-eTtf ^i^i^^/i>~^fc-575S. ±aiC)J:e>}-s 
y^^^jUM-'^i^l 6 2 i:T/u5:^'^^-^t5l 6 3 t^ii^m^^^J:mi^\^-t^Z.t 
20 T\ ti^5fe{::tt'<TT/l-$^!>A;Kl 6 Z (Dll^nM^^^±.^'^^ ^ ti)^X^ . 

^ ^ Y(Dmm^m^:Lti)'^-r:^^o X. mmmi'rf^m^mm(Dt^-^. mm 

^(D'^7i/^(zov^-Cl , 2tA^J^U:6>^■^^:7^?f^RJc^^T^/c^v^<^#}::. ±tfi^gi 

^hiZ.. T/\^^=^^J>^mi 6 3O?S.^;05-]r;0SofcB#^TvN'^->'H::-^#l 6 
25 2 i:T/U^:=^'^7A;Kl 6 3 i:^-^<*:$-frnfi*J;< > ^-?;t^/ut 1 6 2 *S_t 

I^I^J4 0°C^XT;^'^?)<^^#Oi£i^^{i7t^v^:: ir;5^b. ^-^^^/ut— ^#i 6 2 5' 
:folt^iaS^{it«63t55^J:b'<-C/h$ < J^i^o Lfc;6SoT. 1 1 6 1 
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5 #5. 

6 3^:^^#LTV>S(^-e, ^n'^^/H:: — ^5^^ 1 6 2^^(b(Dmi()^Xt^ 
mi 6 0 2-^=r.T — i^]) 6 O l^^'mio^i^<\,\ ctoT. ^>°^w^t 

— ^#16 2t^h(Dmi-i. f5<i: A/^^T/u^ --^A^S 1 6 3 ^ i 

(-Xs iS^il^LTtj. ^^^m-tl 6 0 2mm^^XJ^^ ^ t 

T/U^=.^MR1 6 3 (D>^^^^gigffi 1 6 3a iZU^ ^<>'-ym0.m'> 2 

0 i(^^^^{c±te'i7cny>i^}tgisi 4 1 1 izm^^^^JM 4 1 7imA-r^ 

15 fc*:)(7)iag;55Ut 1 6 0 7. ^I>*?5^mA7Ll 6 0 8 7!)m^^nx\^^^o ^^.tn 
A7L1 6 0 8{±. 0 2 5 iciTj^-TJ; 5 T/l^^ = l 6 3 P^i^fl^^^tl/c 

^■7"ff^^mJ'>^^^ 2 0 1 ^iSit-rs t ^ i^y<:yy'mf^m'>=^^^ 2 o i i: ^y^y^ 

mmmi 6 3a <!r<£r^gi$-^fc>9. v:/?f^fi)cflui>^''^ 2 0 KDmmco^m'k 

^^ia-int>^J:\f^:d^^<:^':fM^m'>^y^2 O l ^ •^/jn/Nfjg® i 6 3a izf&m 
i^m^-^^ t^(0^^m.^\m(0:h.X^^o ±S5:/n-eS?lffliaif§ 1 6 0 9 
f4. 112 2ll^i-ct SfJt^^K 1 8 0t3-Ct!jf^M$tl.^-7'D— 

16 11 dilS^f^i 6 1 o^^^^L-c^M$i^5o X. ^^^iiff^Tfi. PAffi-T 
±l5yn-PiJ5l^gl 6 1 l{i. ^i£li(7)S«9^iEl&f^St)^I^Stbf^(^^{CT^ 
^ e>{wTyL'S: — e^Ats 1 6 3F^t::(i. T/i^?: i 6 3 ^f^S|J-rsfc*:> 
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la 2 2 iZTjk-rx 0 im^m. i s o \:Lxmwvm-^fi^^^n'^%.m^^^m. i 

6 1 3{3jg*g^l 6 1 4^:^t-C^^$tLTl^;s. 6 1 2t:: 

iS*^W 16 15 ^iioT^m^tl.'So 

2 5 {r^-TJ: 5 {w. T/n-lg^^lffljiil^ 1 6 0 9^t>*?^^ffl 

ilSgl 6 1 2{i. Y^) fvmz-XTjv^^f 6 3 i^(:::;v:^fe}tT. ,^4^(c 
^t^ffiiiSgl 6 1 2(DffM;^ji(i, ^T^K^^fe^Jg^r <!r;4S-e#, 0i|x.ii*|gl2 
'ffi.L:iO:^'g'(r(i, r^^J/A;^ 1 6 3 ir/^'^^/^t: — 1 6 2 ,J:<?5 

0 36^6 ^^oL^Nii^^t^ 1 4 2 1 \ZX^Wl.fzy<>y'm^m^:^y^2 0 2 L 

Jif;^ N hilg 1 7 oic*5V^Tt>. ^-^^-/i-k— ^ 1 7 1 , /^^.yut — ^^4ti 
7 2. T/U^-!J7A^1 7 3. S^-fe->'lM 7 6. 3^T-->y 1 7 O 1 , 

1 7 0 2, 1 7 0 3 . y >^lii»ji^e i 7 o 4 . ^:/y 

1 7 0 5. ^ h :y/^- 1 7 0 6. 1 7 0 7. ^^mA?L 1 7 0 8. 
a-5S§lffliiS§l 7 0 9. ii^St^l 7 1 0. :^a-^?|$^gl 7 11. f^j^ffi 
iS«S 17 12. /«^i|J^^^?^igg 1713. illSW 1714. 1715 

5o J;oT. 13 2 2~E!2 6lC{i. ^y t— hi^gi 6 ORV^yf^:^ h\i~V'^ 
«1 7 0(7:)^^#^c^o(tS^?f^^iHLTV^5o fi-t. /^°^>/^t-^?' l 7 ifi. 
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^ix5o r^x T/^5:-l>Atgl 7 30!>ai/Nitg® 1 7 3 a (wfi, T^l^^^^? 
2 0 2 (^l^m^m iiJ < 60 

jLta#i^^g 1 5 0 (i. ±mm 1 iixij?^si&2 0 5 =kmm-t^m i #i^^g i 
5 1 ±1211211x^^^2 0 6^mw:-t^m2^mmmi 5 2 <!:^iix.s„ 

m 1 #l^^g 1 5 1 {i. ±IB^^^^-r?I^^Hu -J^oi/N 2 0 1 ;6S±i2figA^ff 13 1 

#i^-r^o m2^mmmi 5 2{i. itamai^gi 3 2{^Ti^#$tT.TVNS^^ 

IJ'^^L/N 2 0 2^^2 ilXi^^:^ 2 0 6 P^iDmmiiLm^^^'^^^j: J: 5 
ii<DKif^;6S||fT$nSc X> MWilgl8 0(i. ^^>:/?g^fgl>^^>2 0 2^ 

ymmtk'>^^^2o 2izM'r^mm.my^-mip^RvmTEm-:^^^-mi^^m 
1 6 0(^T/t-5='i7i»^i 6 siz^m^'^fzmmi^xy'v t- hWjf^^Mt. 

t- h^gi 6 0lzxmn'^mti^<^^-:^m!^m^^^^2 0 1 }::*f-f si^m 

my't2-W]iP^Ry}miEmy'^-mi^^mmir^^ti,x^^o nK>r'^ 
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r>ai/N{^it*pi 4 11. 14 2 1 \z.m^^^mMmAnm'i~. .taiLfcst) ^ 
12 1 3 14 10 0 ^^^tjiz^So wmn.f^WfkWi 1 4 1 

0 0 {wft;ti:. lM(r:>^>MM^fkWt^ i4i07, I4ii3. I4ii6. 

14 120. 1 4 1 2 1 <t 4>T'#-5„ 

rsj i^T^-T) i^^6^x->^i o^-e(D#xm{-j: 19. ^o^ff^^M'^^ 

^n2 O 1 l^^^>:7°;65?i^fig$il. ^^^^:/?l^^^^3iyN2 0 2 2 2 0 

6--lRlrt$tLSo fiP^x ;^7^5/>^l T'{i. ^11|XJ^^|§2 O 5 3{>^Pj/-^^^?|^^ 

B^re7^^^2 0 l;isjgx^^®i 3 lf3:J;or5J'9tt}LWH^/^r5:g('iBg^ix^J: 
95:1. ^l#I^I^Bi 5 \ \^X.^m\mm^2. o 5;0S#|^L. z^^- 
7'?f^^B^n^^^/^2 0 1 ^s^A^gl 3 1 {::J:oXlimXjirt^^2 0 5;5^eSi«3 

tB^ttSo ftSAi^gi 3 1 ^^T^3^^^$nfc^^':/^?^^^Hf^[>^^^2 0 1 

1 (T^iH^lt-^ 13 11 \z.^m^i^^X\^^y^:y-f'm^m^=^^^2. 0 1 ^i^jgAftO^lfe 
i^gl 4 1 {CT^it$n-5o ^ibf^f^oi^Tia 2 8—0 3 1 ^#fiSLTl^L< 

3 3 L{^^^^ 1 3 1 l75^^/-<^^:/0fifeHU!>a^^N2 0 1 ^P^*|!^it L±# 

-rSo !j7a:yNi5^^^g|5l 4 1 1 ^Sy^>':/?|^gfefttr 2 O \ (0^1j\ZMm. 

;ei^0^ibg|5l 4 1 ^\Z.X%\{^,m%Vs\ 4 1 4ST/^2i!^itlfP*t 1 4 1 

5:i»5x;^I^]{'faoTM< ;^f^t'^Kji-^o 2^:1^. IH 2 9 (Ctf-T J: 9 i^^tlfP 
1 3 3 3>6S±#L. ^tLi^J: "9 *-r. 1>^/Nf*^^$|5 1 4 1 1 (^l^ffiffi^MW 
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14 1 0 o<7>5feis>65/<c>^f^^g{ir>aixN2 0 i(Dmm2 Ola i^mM-t^o J: 
oT. ^mmwkM^^i 4 1 0 oo^ft6jl:H^^tcjov^-rJlle^®2 o i a 

UTV>/c<b LTt>. mm.mmm^^l 4 l O OO^^^dJ; «9l^m:d5tT:j5tu-5o 

i/^2 0 2{l. ±^(Dj:^i^. mmLm\^^-/)^. -s.mm-t^ t^.m.\^m\^^t\^^ 

ffi2 0 1 a t^^^/jJl^^fiSilT'*) "5 . *ffi2 Ola {^{i^4- 1 0 V~;i?^+ 2 

^ LX. HI 3 0 iZTjk-tX 0 t^. iEibgP 14 12 [ZXm 1 {^it^t^" 1 4 1 4 

0 3 i\zm-ti.o\^. IM^^-^i 3 i i;6S-fr|^L. ^<i^':^l^mMt7 
31/N2 0 l{i!:7ai/N<^JtSBl 4 1 l(^f*^^/l\l 4 1 7 \ZX^n^tl^^ ^<Dt 
^mffl^/5!fcm^ 1 4 10 On>j>^\zmntz^r/]) V:^-l 4 1 6 2(Cj;5{^^ 

;^(cj;i9/^>'^?F^fifeBu^>^^^2 0 i{i(5^jt/i\i 4 i 7 ^wm^ifi^. 
jEE;^fi. i>^^N-f*?tgpi 4 1 1 izx?>^<:^':fnmm^^^^2 o i (Dmmmizm 

■f^(D;i^^^^^D$i^?fev^a-^T'fci9. /<v:7"?|^fifeSti!i7aiyN2 o 1 i^mm^ 

^\^^'\t^i,<DXitfj:\^\ 

zx. y<>ym^m^^^^2 0 1 (Dm^2 o i b ti^WfKi a i 7 tt^^^m-r 

±M<Di:o\z±.mmM2o 1 b{^?p^fi£$tLTv^5f^i 4f^(Dm^^mm-t- 
6(Dit. ^m^<^^:fm^mmi 0 KDrnj^xitmrnx^K). ±m(Dm:m2 0 1 
a (om'B-tmm\z. a® 2 0 1 ov-^-a ovmm(D^mm.n 

tm^-r^o w^T— fix ^(Dm^xh^zt^yj^-to t^. ^iM.^<D^mmzx 

(^o;^y^-/^3T(i. B12lr^-t-J: 5 y<>ymf^m^:^y^2 0 1 ^i^^ 
Ltc^mmizx^^^y^i^nUi 4 1 l;65^»)^gl 4 1 Sizxy'V t- h^gi 
6 0 $ tLffig $tL5o 
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HI 2 2 iZ7f:-tx 0 \z.^m:mmmx-iiL^ yv hmm i e o fi/^^>/u 

2 0 1 /{is>^y t— hi^gi 6 o(D±^izmm^rLx < ^m^-. ms 2iz^-t:^ 
y^y^b 1 o~5 1 5^mn^nT/]^^=^^M>m. i e 3<Dif^m7:)^n^ti^o - 
tib;^x5/>^5 1 o~5 1 5^::ov^T{i. 1114 o ^^mx^x^vtr^. 

^^i^.Xr/i^%=^^MBLl 6 3 {±_htSTI^{iK 1 6 y^T'TTiSSo ^LT. 
x?.x:y^3 O 3 tCT. HIS SiZlTF-f-i 9(3. /^V^^fMBU 2 0 1 

ufc^^^i^::T!>J^/^^^^tla5l 4 i i i^mm'ikmi 4 1 3(3T:7°y t- hmmi 

T'i^^-yr-S. '(Debt, "^^^^f^i^^l 4 1 1 (3{i^5<^^^/]\ 1 4 1 7{i. 
BIS 4{C;^-r<l; T/u^=^^J^mi 6 3 ^3?i^^$nTV^5±iS2^;65 i 
6 0 7f*3H:iiA-r5o ctoT. ^=^^^^nm 4 1 Hz.i^n^tiX\^^^y<:^:f 
M^m^^y^2 0 in. T/i-?:=^^J^mi 6 3±izmm^ti?>o i^. ±xBb/c 

J: 9 {';^^wsTiiMAmij>^«i^M 1 4 1 Rxj^mmnmmmm i 4 2 izn^ 

0 1 <Da6Aibf^&t5T/u 5: At5 1 6 3--o«K»jf^^ff pT'ci^t::. -f /x^^ 
= 1 6 3 (7)#P$^^f 9 s„ 

^(D>^7">y9^3 0 5T-{i. 13 3 St^TF-TJ; iSA{RiJ#tti^g l 4 i 
li^Wmi 4 1 4^t>'^2f*4^m^ 14 15 ^m^. tK(D^'r yy3 0 6 
T. 0 3 6 Iw^-r i 5 T/U'5: = !>A|51 6 3 ^_b|STI%fKgl 6 
(f?)o ^LT. :^7^-;/r4--^tTbT>^y hSb^'^^MM-t-So 

1 6 2 <!:T/i-^-'>i^l5l 6 3 <!: {i53^g|-ti:-r^(3— LT#|^i-^«^^^ 
ofc<t#{3(i. :7'y t — h^gi 6 0-^(Dy<:yy'i^mM^=^^^2 o i <7)SSAS!j 
miS3 7(37F-r;^-7^.y7*3 1 1 — 3 l 6(Om^t^J:^o l«f^{3oi>-CUie^ 
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1 2-T:ii. ^0:7°f^fi5cHfr'>^^^ 2 O l cO^fi^^^^^-tirSi^c*^. _LIS-7°y t — 
h;^7"-v>(^)±;^(;iT. ^J;t(±*3 O^jO-p^ 2^<Z)rHl, mA4^^;65^^^$ti-5o 
i5fe<D;^-r >^>^3 1 3J::t. _Lsa:^y t — h;^^^— v=^_h|S±#f5Ae l 6 S^T- 
-h#$-y:5o 'd^<0:^^yl^3 1 4 "Cfi. «SA<l!)^«i^g 1 4 1 1 iS^it^HSlt 
1 4 1 4Sl>*^2f*^^S|5#l 4 1 5^^<o Jf^O;^7^>;/^3 1 5 -^Ci. 
H — ^Wl 6 2 6 3 i: L7'.tV^«jt(-®ia-t-'5. ^1^ 

^^gl 4 1 iZXy<>'-ym^m^=^y^2 O 1 li-h:^T — i^t^h:^ 

^v"^ ^^'^y'-i^l 1 0_h--^«-r5;is. ^(7)1^, ±te^}#mi 4 1 7ir:7° 

y'yy's 1 5{w-c{5^itmi 4 1 7 ^umi-^-A^m^^mwiL. mm-r^m^iz. 

ft^^Mi-^o mmmzxK). i^^n^i 4 1 a^j^^t^ti e o 7izmxL 

<*>;<D;^7"^jy:/3 1 eizxzfV t— h><>-7"— v'^TI^rig 1 6 i^xTifxzfV 

J«>:o;^7">^:/4-e{l. -7°!; t— h^gi 6 0t^J;or^?£;i^?3^2 i o W 
i5:-^Xy<>ymfj^m^^y^2 O l fi^y t - h^ti^^c sM^V t— h»jf^{^J: 

S^^:/>^?f^fiKBfjli7a::yN2 0 1 (DUStMitK J: IQ . ^^:/^?l^fi)cHii J^x^ 2 Old 

ft^^^;iiS^^-rS75S, y<:yy'm^m^^^^2 0 l ttT/u^ i 6 3(c^ 

W:^riX^^^(DX\ 'l:#;6^"^IIL^i-V^KE2 0 1 baiJ(Dm^t(iT/i^5:^>>i=^ 
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-r^i^—i^tLx^^-r^m^^m-otzt^iia-i^ m3 9iZ7jk-t^oti:i^± 

^mm^n^ :z.t:l)^Xt^o fiP*>x ±M:^'ryz^3l2(Dmii^tmMt it^h 
t 2t.xm:fi^fi^^i^y'J^^m'>=^^^2 0 1 {ij^4 o'XZii^h^^e o~ i 2 

^Ki 6 oii^^^iOx'f t>i 1 0--.^^^^>^?|^^Btfr>^/N2 o 1 

«6i&{'^;iStT:btL^o f^. ±122 1 0°CmI^^<D?a;^^^:^dV^T{i15^Jx:f±'l 0 0°cm 
;SP[::jo{t^m-^{cJt-^T^^^r?fMHu'>^/^2 o 1 <7)^mft{i^i.-/i< , -7°^ t 
— hi^^ 1 6 O;0^^/-J^V-tV — v^l 1 0^(D^m.mYf<Dt^\ZyO-:r 

k— hi^Ml 6 0^::*3^t^^^°^-/^t — ^1^1 6 2 <!: T/U5: — 1 6 3 

^"•^^Hg^^^itom-^Olijj^:!:^ LTV ^-5c 

1114 0<D^x.yr5 0 ITfl. ^A»«SKl 4 1 <^)!^i5gpi 4 1 2(OW\ 

mz. J: 19 m 1 issi^gpw 14 14 Rxj^m 2 f*itSB*t 14 15 < :^mz^m-f- 

<!>:cc>^7^>y7'5 0 2X(i:fV t— h^gi 6 0 ot/p^ = ^7^;^ 1 6 3^ 
TI^{5aS 1 6 7 75^b±#{iffil 6 8^-e^»)$-fr5o :i <^ <}: ^ ^ 1 1 
4 1 4^t>*^2{l^^t^;|^l 4 1 5\zmt^^^^WJ\Kl 4 1 7 = r> A;^ 

1 6 3(D^mf>^U^l 6 0 7tCiiAi-5o -eLTJSj^O;^-?" -y-T'S 0 3 {CTHl 
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^Wmi 4 1 4RXIf^2^WUUl 4 1 5^mZ^o l^<D:^7'^y:f5 0 4X' 
fi. -fu—f^3\Bmi 6 1 1 ^WliP^^tXTJl^^ M,m 1 6 3<75^^j±}A?L 
1 6 0 Sd^Pj^^SrPtmU. T/l-5=!>A^l 6 3 ty<'^ym^m^^^^2 0 

r^A;Kl 6 S^m^-^. ^^>"7'f^fifeHU^>^/N2 0 1 ^^l^WnUl 4 14 

SLt>*m2{^^t^^l5#l 4 1 5>^w-t-5'>^/^^l^^t^fPl 4 1 1 iz^i^i^-^^, ^(d 

TV^5±ia^>3i/N'^4#gp 14 11 ^7t^:^7^^ :yif7.=7—V' 110 (D_L;^--^tb 

1^2 1 ot:*-e#i§.$Hfc:7"y t— h^gi 6 o<7?t/i-5: = i^7j^;Ki 
5^^-ei5^?a$-^5i£iHS;a5fe'5o -err*. 0 4 o{c:?K-r;^-7':yr 5 1 o{'Sov^T. 

/«^iP^^^?^^M 1 6 1 '^■^m'^^^T )V^=^t? J^\^\ 6 Sf^cOy^^^ffliiSg 1 
6 1 2\V-^nm'^%^^^-t^o %h\z.t:.<D:^y-y^^ i 1 &t>*;^7" 5/:7"5 l 
2T-{i. t — h^Sl 6 OcTD^T-i/y ^-iJ^i 6 0 1 ^»if^$-B:X±feT 
P^<3j[S1 6 7;0^b±ia_b#{jz:«l 6 8 ^-CT/U^ = A;^ 1 6 3 ^_b#$-lt. 

\ 6 2 <!:T/u^ = '^7Atgi 6 3 <b^^g|$-ti:TT/i-5 ^'^J.^K 
1 6 3(7?ta;g^^3 0°C^T-?^^t-o 1^. ^mmBmX\tT)V^=:.t^ J>.1^\ 6 

3<D;^ipa^^±ia^3 o'c^^^^LT^^-5:^^. msLm^m%-t^^(Dx\-tfii 
v\ l9^^tc:fc5^<>^y^?f^fifeH^^>^^^2 0 1 tco^^mz.^^ ^ y^i^znr^ 

— iJ'^l 6 2 iTyl-^^'^Atgl 6 3 t^'^y^m-^'^^^tXT/^y^z^^M.Wil 
6 3^^^6<j(::?^*|l-r'Swi:;6SX'#§o = •^i.tg i 6 3 <^M^;aSi^ 3 
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14 11 ^sgj^i^tt 1 3 0 (D±:&{zm-ro 

rSJ. 114 l^^;^i-»^f^{^*3V^-rlll4 0^#.^.LTtJiWLfcK>f^i:l^^<D«jf^{z: 
ov^T{lEl4 O(7)m-a-<bPl^f-^^#L^c7)m0^^Wiii&i-^o I1I4 it^^i-^T^ 

:y^5 2 1. 5 2 2 fi.. III4 O f::;^-^;^^^ ^''T^S O 2 . 5 0 5 i^^n^'tL>Et/i£^ 
-rSl&f^-Cfe«9 . y<^/l'}i'-'^Wl 6 2 <»:T/^^ =^7-6.^1 6 3 t7!)'>—^mz 

t— h^si 6 0/6^^Aif>-r.<>'^^-r— v^i 1 o-^(Dy<^^ym 

0 1^*«J2 1 a°C\zMm^')ciX\^^it^:y'f^>'^'^'T — V'\ 1 otc^B 
Lfcirt. ^^i/-7'?fMHU^>^''^2 0 1 Oj'&;E^<!:;!j^":^X'i' v^l l 0<7) 
?aS<!r<^)||t-^iaLT. /■<>'>^?f^^!Kmi!J7aixN2 O l J: oTfiig l 2 

1 <»: LTfl. '9«Jx.{^L i T a O3 ^zil^^j^^ L i N b O3 :x,/^f,l-h^, 

^ummmx\±. Tr^'^v'-o'V^y'—i^ 1 1 o<7)y<i^ym}^m'y^^^2 0 nz 

^^^<7)a^{^{i^>x>f ^i^";^-7"— v'l 1 oizmm^izmm.^f'k^i^ii^^t 

T'JifaS'9^^iEL, — L i T a O3 ^:7aly^(^J^-^{::{i^e^<^^Jil.p^^ 
L i T a O3 L i N b O3 l^^^Njrlt'^Tflfte^^^dS^X . mm<Di!k 
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##{-t{ij£^mT'fc "9 mW:W^:i^i-f ^:^ummii^(D^(D:)7r^L i T a O3 -T^/N 

4 1(^1^7 oi^Ni^i^lfPi 4 1 1 ^::^*:^#$tL-cv^S/^:/■^?f^fifeB^i'>^/^2 0 
^t'^ 1 0_h{::a6A$tLS„ ^<^;^7^ :y :7'5 3 iT-fi. y^>y' 

^ l^^'y^'r—iyl 1 O (D^&^'Tf^tl^. '•lk(0:^y' b Z 2X\-t. 114 

Q\Z7f^-t^^\z^^^^^m.-^i 1 1 ;6^^-<^-7°?f^fifeHfi!>^^N2 0 1 (oi?:;^^:&fR](z 

31/N2 0 1 ?r#L±f-fSo i^^ 1 1 i;5SJ::^Lfc^#. _LlE^^ 

/^{^^^#^fPl 4 1 4 1 7 ^^^mm-^ 1 1 1 {^?fM$t^Tv^'5 

t±{-foi:#, >'^^■7'?f^^feB^i^^7;nx^2 0 i<7)^®20 1 a}r^«iu-rv> 
S^mffl^MSU^tl 4 1 0 0{±. ly-^ 1 4 16 2<7)#^;^{rj@&^v^;^e;^(5 

e>±te^ffi 2 0 1 a (C^MLfct^S^«i«Fbfc**if L±ff f^iLSo -biJ&Lfc 

J;5}^. 2 1 o°c#i£(D?&;^-e{S^^>-7°?f0pitBui>^^^2 0 icD^mfittif?. 

_Lta«p5 2 Ola \Z.^m.m^WB,mi I 410 0^g^M$■^tTV^S„ 
^<^>^X 5/:7'5 3 3 Xl-±. H 4 7 j;:;^-^- ct ^ ttSAffiil^^l^e 14 1 (Z)^ 

Kigui 4 1 2(Dmm^^vw,i^^mii 4 1 4^u^M2f*itgi5*t 1 4 1 s^as 

^<;^f6]{^#»iL. !>ai^>i5S:i#^Fi5i 4 11 l::<t 5^^i/:7°?f0^gj 2 o i 
t7^y>^im.-^\ 1 1 $i^rv^^^^^^^iA7Ll 1 3;i)^^^l 6 0°ca^O 
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•9^#_h;6SS25^ y<l^y'W^f&m^^^^2 0 1 (ommiat^ 1 4 14 

St>*m 2 ^i^la5*t 1 4 1 5C»f*^mi 4 1 7:d^^&-r^(DX\ W^^±r^'^fz^< 
^^^'m^W!'^=^^^2 0 lf)^^^y^m.W:-^l 1 1 -h^O^PjJiJi^-r^r tflT^^V^ 

_LteL i N b O3 f^^/Ndxt LXJbtaS »9^iE;65jgfife$nS*1} 

1 4^®j{^^-ti:-c±ia^^mA7Li 1 3t>(bmB\^mfihLy<>^-:fw^ 

^HUlJ7^xN2 O 1 ^!i7:x/^^g-^ 1 1 li'^BS^-rSo ;=^7"^;/'7"5 3 7 (rT± 
1 (7)r>ai/N^^|^g|5 14 11 255_h|2^i§^g 13 0 <Dii1i^1^W}-r^o 

mz.. mmx^H^-fi^.\^(D^K)miiEmm^-o^^xmm-r^o i2!4 3{^^ 

■tmi'foyp^^ :^'r y:f5 0 7 . 531. 532. 536, 5 3 7 cD^Rj^^fdo 

BS-rSo ^^T'yzfS 3 2izx^^y^mm:-^l 1 A IX 

1 1 1 ±|c/<^:7'?f0figfifr'^^/^2 0 1 ;65ttg^n'5o ^(Dt^s 

^:7'JF^fifeSui>^^N2 0 1 {^_LI2^'9;6^^i£Dfc.i:#. mMl^Xl^^ tyOy'm^ 
m^^^^2 0 1 O^?f^»ii^;05MPS$nTL^v\ ^■^>'7'?f^figH&e^:3^^^2 0 1 

mti^(Dmm^^m^-r^'^mit7!}^^h^^^hxh^o 'M:^y'y^5 a 2x\±^ 

r^ai^Ng^fi^ 111 •AmT\.ti:LtX\ !>^^^^a^l 1 1 (it— ^ 112 
5CT^tJ2 1 0'Cm;^{CSD^M$n. ;^'r5/^5 4 3 Tii, '>^-'^icg^l 1 



wo 01/03176 



PCT/JPOO/04280 



45 

T a O3 f^^^^^fl. ^^^^^g^l 1 1 {^T;?JPi?i$n. R^^miE^^^. i^. 

±m^<i^'^mm^^. ;^7^5/>^6T'{i. mmm^i^mmi 4 2(D^:xLy^i^^u 

14 2 1 1 f^^gPt^ 1 4 2 4RTjm2i^WM 1 4 2 5 {-T^-<:/:7° 

?f^^^lJ7 3^/N 2 0 2 ^^i^ i$ffi#iJ^«S^« 1 4 2 (D^tbi^K 1 4 2 3 (^fg 
®J^::-C!^7:3l^^^!^^t^fPl 4 2 1 /!)SX;^f^iC^lljL. m2iZ7f:-tX0i^. 7ii:^h\i 

— hmmi 7 0(D±m::y<'^y'nmmt7^^^2 0 27i^mm^tL. ^tco^ik. 

5 1 ^mmLx^y.Ti^nm't^. 

HIS 0 {;i^i-:X7'5/7"6 0 1 XliTi^^ h t — hi^gl 7 0 OT/U 5: — A;^ 

1 7 3^m2 1 ot:{::M-rao 2fc<^);^v^5/:?'6 o 2T'{i, i^^w^^asi 4 

2 1 i::i^i#$tLTV^5/^:/:7'jf^^m!J^^^>2 0 2 5:^^^ hk — K^Bi 7 00 

7 3 ^TO^iEi 6 7;6^b±#fitt 1 6 8--±#$-&^o s^±^K){^t^J; 
-bIa^■^:/7°ff$fiK^!^7^/^2 0 2(iT/w^^[i7A^i 7 3 t::^^5iL^g^tLS„ 
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WUU 1 4 2 4 RX^m 2 ^W^U 1 4 2 5 1 4 1 7 {i. T/U 

;^7^^y:/6 0 4(zT. mmm^mmmi 4 2(Dr>ai/N^^^i 4 2 1 izisn^ 

5 ^li^^tWi 4 2 4St>*^2<jp:^#^*ti 4 2 5 ^^>':7'?fM^i>^/^ 
2 0 2(^^jt<^^|^i-5„ w<D^<D:^7^5/:7"7(c:4o{-t:57j?^ h t — hibf^fi, 
Tjf;^ h t- hi^Kl 7 0^)S;2|s:^j£jf^^<^j: 5(-^>";^.yut — iS'iN!^! 7 2 <tT/i-5 
^-^AtSi 7 3 <i:;05^^^^^7i^«i^T-^ 5:^-6- <i:. -biiii b7t»^fiJ(D J; 9 {c^ 

10 ±ie— ^^sM<^m'a'^^(i> _Lfa:^7"iy:7°6 01^:^7^-/ ^602 t(Dmi::. t 

12(^:^7" 5/ 7°6 4 i~^7'^y:/6 4 7<7)lb#^||fT-t-5r ,Jr;iiSx-t5„ 

0^19, Els 1 {C7jt-r^7"5,^6 4 1 T'fS. JSaiiillJ^migK 1 4 2(Dr>:3i/> 
i^^U 14 2 1 (^#{Cf^^^m 14 17 CDAP|?^;i^i^^i^^;6^^g:7^)^:^^HlJ^i-5o t) . 

15 ff^fig^ 2 0 2 ^MmffilJ^g^^g 14 2 ^oixN-^i^^ 14 2 1 IZXUW 

4 2 1 o#tcf^i#/Tl 1 4 1 7(DS;^<!:/-<>':7^Jf0^f^r>3iyN2 0 2(Di^l^t(Dm 

i^y<>:fwmm'>^^^2 0 2i,zmm^-^^^um. o^'cmmx-hht 
^<'^-:rm^m^=^^^2 o 2izmm^^:t^-^mm^^^o ±ts.m^m 

<^5T\ ;^X5/^6 4 1 KX^^^^i^WU 14 2 1 0;UP|^(DW4e;^4£|J^-^:5^ |^ 

±mMm^-t^m-B: ±15x^7" 5/ 6 4 2 T'fi. Mffi#m^^ff 1 4 2 
25 iijilll 1 4 2 3 5r«)f^$ii:. «5WftiJ^«yg» 1 4 2 O r>:3iy>f:^4#g(5 1 4 2 1 

ht— hmmi 7 oizm^^^<^-yi^\i—^^i 7 21slx:^tji^^=^^j>,wli 7 3 
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1 6 8*T±#$it^„ m±^W}m^x^. mmnammmmi 4 2c^^>^/^^ 

14 2 1 (C^oftSU 1 f*l#§|5*t 1 4 2 4 RX^m 2 {S^^tgP*}- 1 4 2 5 izmt> 

^^^mj^ 1 4 1 7{i. T^uK=-ryj^mi 7 3 izmf^^tix\^^^m^^Lmi ? 

0 7('iiA-t-So ?>:<7)^7" -^/^e 4 4T'{i. ±t^7i<^ h h y^T~i>^m2 
10'C^-e#?fiL. 2>:(D^7"-/:/6 4 5 IdT. jH^d^bfUi 7 0 7tc#^£-r^± 

i2^i#/i\ 14 17. $ bt^fi'^'^/^f^it^fp 1421 (Dmm^rfOo Mm^ik. ^ 

7"'>y^6 4 6{c:T±t2>J^^ h t— h^T" — v>^T^fS:|l 1 6 7*T'TI^$it5o 
^<D:^-r :y7^6 4 7 T'fi. lJUm^tltz±m^:^y^i^i^^ 1 4 2 1 ^^VxV 

1 1 0(^±:^:S-e^Sb$i±, TT'e 4 8 (::T7f^V7='"^ ^i/";^ 

7^— v'l 1 o<D'^7^/^i^g•^l 1 1 ^_h#$-^T^J^3iyNg^g-^ 1 1 i±(7)/-<:/ 

:7'?l^fifet^!>^^^2 0 2^^=^y^iSkWm 4 2 1 {::T{^i#-t-'5„ ^ LT±ieli<75;^ 
x^^-T'e 0 2--^fTL, :^'ryy6 0 3. P^y^ ^y" 6 0 4 ^r^X . ±M^y^ y 

7'7--^tT-r5<, 

X7^:y:/7-C-{i. h t— h^ttl 7 OtwT^^>;r7f^^^!>^/N2 0 2 

;«IDl^-r5r ,i:T'^!>aly^2 0 2 (DM^Mt^l Ut'^ . 2 1 Ot:t^±tE^O 

2 0 2 h t — H ^tr 9 o 

h t - hS^gl 7 OOT/U5:^lJ7-t.tgl 7 3{Cii:g?^ftbLT^g^tLTV^ 

mcT-:^-r^^tr^x^ xox. ±m^tz-:rv i^—hmi'fcDm^tmm 
-^#17 2 <!;T/^5 = '>Ats 1 7 3 t^'^:^mi^m^m(D J: 0 i^^AM'^mt^imm 

Xh^m-^ia-i. $^tc. iita^-^-t^/i-t— ^#1 7 2 i:_LIET/i^^ = !>A;Kl 

7 3i:<^^gf-r5#^. ^m\^ti\^'m^. i^mm^m.^mi^-r^m^. m^L 
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^^(D^m.x^^ . m^i 1 0 4\zx7fi-rm^^mt. ±5S^aii!Ff^st>*±ia 
m^umwimz-D\,-^xmm-r^o 

EI 5 3 JCTj^-ribf^fis — ^#1 7 2 i:T/P^:='>Atgl 7 3 t^j^ 

gtbX. T/U^ = r:7A^l 7 3. i9I^T/U'5:-'^7A;Kl 7 StCtfeg^tLT 
V>5^<>-7'f^^f^'>^^^2 0 2(^|^Mi^|l^fT9:^-^^*LTV^5o HIS 3(7) 
;^-7":y:^6 1 ^N°^>/Uh:-i? 1 7 1 (D?a;^M^{^J: 19 . Xtlg^^^SPfc 

J: t)^^°^>/H:: — ^ 1 7 l(DU^^^2 1 Ot:7i)^6^l 0 O'C^-eWSi.irtj 
tc, T/l^^^-^^AtRl 7 3 Sr±i2±t^fS:a 1 6 8^T'±#$-itT. ^^^-/Ut — 

7 2 <irT/u5: = !i7A^i 7 3 <!:^5>iit-t-s„ mp^umm^xr). P^y^^ 

ZfQ 1 2T-{i7f?;^ N t— higg 1 7 OcDT/U^ — ^jU:^! 7 3 <75?ait;i)S, 

ia^2 1 o'Cd^e>;^^^^§«?)fcm-a'. ±12515^2 1 ox.t^h±Mi 5ox:u^ii 
^^^mMm\zmitt^^\:.^m.mx^K> . mmx(Dmm^hmhfifz.mx-h^. 

^61 3izxi^m^^mit^mmi 7 1 3^mi'p^'itxi^mm^^^T/u^:^t7 

A^l 7 3 il^t^^^-r-So ^7"-y:7'6 1 4{ZXT/^^~^J>.^1 7 3 (0^^/!)^ 
17 1 3<7)»if^?r#^j]ibTy^^ = r>A;Kl 7 3 --(D?^i|Iffl^m<7)^ia^^^Jhf 
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^j^^i 7 3^m2 1 or:A^hti^4: o°c^X'mi o^x^u^'\±^^t7!)^^x^ 

So 

X. Jif2^7"-yr6 1 S-^-^^T^yye l 5(Di!lf^<^||^TL/^V^:^-a■> El 5 2 

7 3(1^2 1 OX:;6^e>*^4 0°C^xm2 5-3 0 ^Tl^^a^ tl.6o 

HIS 4 tC;T^i-It)f^fi. — 7 2 irT/U^^!^/-^.;^! 7 3 ,ir 

tr:9"^ii:-r}-. T/i^^ = i 7 3 . t)^T/u^ = f^A;K i 7 3 t::mff 
$t^-CV^a^^:/■7"?^^f^g^'>^^^2 O 2<D^M^^^T5m'g'Sr^LTV^-5o -h 
laEl 5 3 ^c:7F-rl^?fiM^^!(J^'^<^ HI 5 4 {C7F-ri^MJ»f^i: <?:)JSv^{i. 
t— iS'^ 1 7 2 ,tT/^^-!>A>Ki 7 3 t(7:>^m(DmM(D^X}h^(ox\ 

X(Dmi.\^mmt-i^V^-r^o f*)> ms 4{::;^-r;^7^5/7"6 2 l~;^7^:y^6 2 

5(D#t5f^{i^ EI 5 3 -r :y -7" 6 1 i~;^-r5/:/6i 5 <?5^iftf^}'5^^;^? 

rcQJ:9^^> ;^7^'y^6 2 1 Ti^b^v^^y-T'e 2 5 ^T-oi)bf^fwj:oT. His 

21^^?-^! 1 0 2{cT^i-i^?M^a?75s^=fT$n'5o ^(om^. Tju\=-^j^m 

1 7 3^*^ 2 1 0X:^^hm4 0X:t.Xm2 0^X^U^t?>^t7!)^Xt^o 

7 3{±i^]2 1 ot:;6-bi^4 or^-e^^s O6^xnu^ti6o 

!>ai/N2 0 2^^WL. ^mmmi 4 2 3 (Dmmi^^ ^ x:^\^izr^oxmmB: 
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fti(CJ^:DT^^Ebf^tr||^75Sfc^o IS 5 5 {CItj^-T;:^-?^ 5/ 0 1 . 8 0 2{±. 

^-?^./wt-iJ^#i 7 2 i 7-/1-5 ^f^i^t^i 7 3 tcDji^mWiY^^nom-^^^nn 

UtT^nSo X. ;^7"y:7'8 0 7 — 8 1 0{i, i^^d^ii-f ^ibf^X'*)5o 

aJ»jf^<Dfci^>l^}C/-^^>/Wt — ^5^^ 1 7 2 <hT/U$ = '>A^Sl 7 3<Jr«^^^LT 
jo'9T/i-5:^'>A^l 7 3 fi JitE±#{i® 1 6 8 (C'figi--50-e\ ±.tt:^^ y 
■^8 0 IT'fis 4 2<7)'>zn^N|5^|tlf|5l 4 2 1 {^^dtt^Bl^S^ 

^^Ul 4 2 4^th*^2^i^gP*t 1 4 2 5 ^^CT, T/^^^l^AtRl 7 3± 
(^). i^&^tlfzy<>^y'mmk^=^^^2 0 2^i^m-r^o ^bX>^7"';/>^8 O 2 
l-T. -^'n— eS^i^Ml 7 11 ^mff^'^XT/U^^^^MRl 7 3 0^^tBA 
TLl 7 0 8;6^byD-ffl^^^(fttH$i±T. ±m^<:^ym^m'>^y^ 2 0 2^ 
T/l'5:-'j7A;Kl 7 3;6^P3#±$-^S„ LXmj&(D:^y^ y-^f 8 O 7 ^Wif-f- 

g 1 7 0 (o±.i5\^wim.^tit:Lm.nsm^WLmw i 4 2 <D«>^^Nf:^^#ifi5 1 4 2 1 

^b^tt^^lf*^^lfP#l 4 2 4^T>'||2i^itlfB*t 1 4 2 5^^<o 
8 0 4T'(i. 7 2RlJT/U^=^^J>,mi 7 3 t)^~i^6^izm^ 

^ntcTiiy^ h t— }>^7^-v>^_blEJ::#fiLSl 6 8 ^T'_b#^ii:5o ^ LX:^ 
^ y 8 0 5 t^T ±12^ 1 fm^W 1 4 2 4 RXJi^ 2 f^itlfPW 1 4 2 5 

i^m^fitz^<^^zfm^'ik'>=^^^2 0 2^%n-r^o '^(o:^Ty-f8 o ex-f*. 

7 1 1 ^ib^>^^-ti:XT/^5:^!>A;fel 7 3 0^^jliA?L 1 7 
0 8^>b>^P— ffl^-a^i^fflb, ±|E/^V:7'?i0^^'>^/^2 0 2^T/W5 = ^> 

:^T y-f8Q 7 X(l. ite^^mf-^^fTo fc^-^{^{iT/i- $ ^ i 7 3 
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figl 6 7^Ttf5o Lfc;6>oT±ier>^W*j^a5 1 4 2 1 lZX^W^tlX\^ 
'>^xn2 0 2^^{tAtL5^-a'fc:(±, r/l-^^^^-^+^l 7 3 %^4 OX::d^hn 

±.m^mk. ism^g 132 oTOifp 1324 ;6>sjf^L. m 5 7 t^^^-j: 9 

(^Itlasi 3 2 3;65/^:/:7'?f^fifeftl>^^^2 0 2<7)«®2 0 2 b(::gEiteL. 

Ox<:>:/ff^^f^»j7a:/N2 0 2i)^^:^y^^W^l 4 2 1 1 4 1 7 A^^m 

linmS?^t±;i5 5 j; 5{c±^-r5o {l^^^gCl 3 2 3;iSj^fa^p&2 0 2 b f^^ftife 
-rsr <irT\ «E2 0 2 b 1 3 2 3 ^ii CTT — ^ i: 

j&^^*ffi2 0 2 b(D^m*{ii^^j-^-r6„ X. ±m±^(Dt^i^h. ^^mmmm 

14 10 0 !i7^yN 2 0 2 <Dmm 2 0 2 a {C^^ftfe Ltc^M^: 

mitLTV^So ioT. MAi^gl 3 lRXJyr^>y^ l^V^y' — i^l 1 0 
{•t5'>^^^2 0 1 . 2 0 2(D^tt;^Lcom-a'i:R«(-> i^1^m> 1 3 2 3 
^?F^RKf^^^/^2 0 2 (OS® 2 0 2 b (^^fiii-^ r <t "C. 2 0 2 h(Dmm. 

&ib^mit-t^^t\zm^mm2 o 2 aom^^{^^<b;d'i^cfci:#-ctj. mmt 

X. ±IE±#^. {i^^^lflSl 3 2 3{«^»jf^(3iJ: t)^^■>'^?^fi!cm'^'^^^2 0 

2 ^i^it-rso 

1 3 2 3 ;d^w^>':/?f$^^ r>a^yN 202 Ltzm. EI 5 8 (C,iRt-ct 

5 14 2 1 1 1 4 2 4 2 ^^^$i5*t 1 4 2 

5 ;6SfigS!,$|5 1 4 2 2tr J: t) Wt. ^^>':7"?l^fig^l>^^^ 2 0 2(D^W^m^-t^o 

±td.^nmmik. m 5 9 ^tKm e o (^Tj^-r j: 5 ±m^nn 1323 ;j5t 

1^ t^^:/-7'ffM^'>^-'^ 202 ^^n-^ 1321 ±t::«cg-r5c s«gf^. 1^ 
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2 1 ;a5^ffii^Bffl^*bi^l® 1 3 2 2<^«jm^ct t) x;^fSj(::^ftL/-<>:7^f0fife^ 

i^/zcyN 2 0 2 2 IIXJ^^^ 2 0 6 ^l!)-^igi^i-5o 

-eL-C> OT'Ji. 3 2 1 (i/0:/?f^fiK^!i7^/N2 0 

2 2 HXJft^^^ 2 0 6 --liX^-rSo 

1 7 0 ^m^\^X\^^^Tyl^ ^ J^m I 6 3. 1 7 3±t::^fi!fe$-a:. T-y^L 

^^^mzmtvmt>^cfj:\^mmi::^x'j^m'r^^t^^x^^o 

X. /<vr^?f0efe-t-5 o*i9^<7)WK. ± 
ii^^^^L. ^m^Sl 8 0{;iii;b5l21S^El 8 1 i::^i6lSit $-y:T:Jb^t . 

i^^Rxj^^<>'^'mi^^{k'y^^^2 o 2{zmr^m^0(Dmjj{zi6\,^xi^mmm^ 
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iz±miUMmTPm^n:ti:£X\i\ /,^ifV.e e>{i\ VtzX 0 }w i^i^N 2 0 1. 

Tf^i^y" ^ i^'ifmu.mf)^h'mM.-^x-(D^ui3k. ^^^^2 0 2 211x1^^:^2 o 

1 4 2 0^^/^{!fe^t^f|5 14 2 1 ;d^e>^tfc!i^gl a 2'^(7)/-^>>^?f^fig 
^.>:^^/^2 0 2(^^{tiSbSbf^Orp^. /"^ ^-^^f^^f^ ^^^^^ 2 0 2 0{J/^/^< t 4j 
a®2 0 2 bffia. ^f* L< e5(:i*ffi2 O 2 a#iJ^'b;«JP;tytiS^M(C. :t 
:^^^i^ffii 9 0^^{tS<^:65^ff^ bv\ _Lia^ftitbcDi:#. ^^^^r?!^^^ 
2 0 2 2 0 2 b ^® 2 0 2 a \Z.{tlEnMi>^'^f\^^ 

tl^«L-CV>-5<7)-C\ ^m^^^'t'fP-t-STt*^. 2 0 2 b{|iJ{3iSg$nfc^ 
;^>ll^^e 19 0-1 {IJE-f ^®2 0 2 a t'Jt-iag^tt/C'l' ^T^^ 

^Ki 9 0-2{iA-r;*->%^^-rSo #-t':^>lg4t^gi 9 0- 1. 19 
o-2Ji. ^J#^gi 8 0{3:^>^$tL»jf^^J^^$tL5o i^. meifi. /-^^-T 

JFMf^'^^^^2 0 2 ^i^ltbfclJ^^^M^l^SPl 4 2 1 >5>«5ttSi^g 1 3 ^(DiL^o 
}-iSg$tLfc<t tt's -Y^r^^^i^S 1 9 O - 1 . 1 9 0- 2;?i^6'i';?i-^^^-< 
^:7"fMM^^^^2 0 2}^'^'^ffl$itTv^;5^^tS^llI;^LTV^;5^s. ±K!i(^ct 9 
\zJ^vim.\MY^(OWi^ 0^91115 7/6^612 6 0f::MS*T'<^#lbf^<^)rp1. /-^^ 

»-g'{::fcv^-C. ^^7 3l/^{^^^^fp 1 421 ^as^mi^gi a 20_b;^t::gfie^Hfc<i: 

x^:/-7"?l^J5gm'>:3iyA2 0 2(^)^85 2 0 2 a 1 8 VT'fc . 

SS2 0 2 b{i±iz!!<Dj: 1000 ve^Sc r J; 5 ^.e^^>-7"ff^)5fef^ 

ii7ai/N2 0 2<Dmm^m^-^ :^'^^^Mm i 9 0{^T-r^^-^4:5^rHif^ffl$-fr 
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5 w i T% mm 2 0 2. a (o^mMm^+ 2 2 Y\z.f^ ^ , mm 202b nm-^ 2 

^a^^i^T^H^^ff $ e>t^^ ;i->'ig^iig 19 0 Kx^p-fi < t t,±isa® 2 

0 2b :t:y^i'^m^'^^^tx\ mm 2 o 2 h(DmmA^x^iS:i^-r^z 

$ ^ (dX. ^^^'Ig^i^g 190-1. 190-2 yi^eig^ L/c-r 
ct •9^^6«}(C/|.-/i< i: ti±ia^ffi2 0 2 hizi^m^'^?>fcib. 0 6 1 (ijjt-rj; 

9 '>ti< t ^^^2 0 2 b^'JlIlli. m±]^tz-( ^'^^mm2 0 2 b-^ct 19 

^)}mmi^^m^'it^fzi!b(Dmmmmi 9 i^^tt-ct^v^ i^. itm^ggi 9 

1 nmm^^m 1 s o {::-ci5'f'^^ji®$ti'5o 

X. me 1 tCTj^-f-J: 5 !::. ^m±i^-^2 5 l ^^{t. ii>^^< i ti«®2 0 2 
b. 0^ L< P3{::*®2 0 2 a ^'b;!jnx.fcPiffi(D^m*^#S-fe'>^-t^2 5 

>m^mmi 9 o<7)-r^i^ii^a:^. mmmmi 9 KT^iimi^^j^-t-^ip 
$e>{^. l^^aLx^-^5^^#^fPl 4 2 i;a^e>^w§gBi 3 2^<D^<>-^nm^^^:^y'^ 

2 0 2(DS(t?gLS!j'mHfl(D. ±m^:^ h t - Mbf^i;i:fov^-C'^ J; '9 55!j^6^{^I^ 

$ ^mzfV t— hibf^{^*JVN-r4>±IE-i'::r>^^t^ei 9 0{::J;5 

^^2 O 1 L7ti:#l::> ±t2S '9miE»)f^^t7ofc;6S^ ^nKmx.X^h 

[z^ iT'y t- h^gl 6 0{Cy^->-7°?|^fifeH&.>a^^N2 0 l^S§Lfc<!:^. SU« 
ht-hi^Bi 7 0lrx-?v:7'?l^fife^'j7 3iyN2 o 2{::SgUfci:#{^t. ± 

ta:^n-p^5i^gi 6 11. 17 1 i^W]W^^txm.w-^m\h^'^x±.mRK> 



wo 01/03176 



PCT/JPOO/04280 



55 

gl02Oct9i-. T'y t — hi^gl 6 OSt/^^^i^ h t— h^gl 7 0<7)iSg 
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5 X. r CO J: 5 ?^<e«fi)c%a^o/c <b # izii^ ±mmAm^m.mm: i 4 i xtt±ie 

me 3 dfi. _Liz!i<7)/^^-^?^fiSc^g 10 2 y t — h^^a 1 
10 6 OSTJ^^;^ ht- hi^Si 7 ocDs3:a^^iii&b. zjo-y^^r i i 

mmAm^mmm i41(dxo fji^mmm 143 ^mm l-c. mw^^^^i* 

15 S^i: LX(Dy<ly^m!^m^=^y^2 0 1 ?r«5illigg 1 3 0 

1 1 11-^1(^4 0°CU^<Di^mX^^o ^LT. iS^<Dy^7'-;/-7'l O 0 2Xn. ^ 
^!i-t-51^■^■:7°^- h 1 9 5 ^^ffl LTl^^:»-^{C{i. /iO-^V ^'i/'J^x-v? 1 
1 0(Dm3mmi i 4^»jf^^-tir-C«gU/ci?-:7^^^u- h 1 9 5 ^"i^^^N^g 

fi, ^COP^'r^yy'l 0 0 3-e{i. Jitfi^4 0°Ct^h'i^2 1 o'C:^T'/<:/^?FM 

25 m^mmi.xi.^^ztxy<>-7^mi^m^^^^2 o ur«»s>^csm'^;55# 

y^'ry^l 0 0 3-Cfl. m:ti^l 0°CX57-O#?£ii£rt^-C, .LiliC^ J: 5 f::/-^ 
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4 1 kdW^JM 4 1 7(::t. !^7zcyN^^-^i i 1 ±X(Dy<:y:fm^m^ =^^^ 
2 0 1 <^»)#^aiJPIL. ^<Dx?>7^5/:7"l 0 0 5{CT>^n— i^ff 1 1 5^»jf^$ 
itX-^^/N^g-^ 1 1 1 (7?^M{iiA7L 1 1 3:^>(bmm,^y<^^-^m^m^^y^2 

$-^5 wiT'l^m^fT^o ^om. o 0 6 {::-r. Si§ligEii4^ 

±ia;=^-r O O 5RVi±U:^y'^yy'l 0 0 e^^Tofcf^. 

0 o 5&i>'^7"5/:7'i 0 o 6 ^^frUTv^-So •o:^f?2[El. ± 

zj^-yv2-wii^t:nommits y<>^zrm^m^^^^2o i<D^m.Mizjt^cxm^ 

Sbf^fi 1 [Hi-eis:^ L/cB#rBi/c{ttT 9 i 9 iitfi^mft/i^*^)- s 0 0 vs^ 

^(DJ^-r^y^l 0 0 7T'{i. ^^^^T^JI^^hu ^^'^^'^ 2 0 1 ^y<^^-:r:^>y^ ^ > 
i5^CD;^x-;/^l 0 0 9-C(i. "^^^^icfi-^ l l KD^^m^ff^ 2 1 O^C^^hm 
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X'l-±. y<l^-^f^^mk'y=^^^2 0 2 t^^LXyn— ^ffV^-^^^Ngtg^ 1 1 1 3i>^ 

M&f^{w*5V^Ttj. _Lf2:7^n— ^§|^gl 6 11, 17 1 1 ^Kji^^-tirT^^ls 
10 ^"tm^iJr-CHfTLTt 

X. _h^fi<^SfcWT-{i. ^^:^-7'JFMSii'>^^^2 0 icoMM^ O l b{|ij{i«. 

©2 O 1 biaiJt:i^i9#t-t^r <i: t>T*#5o f^i^^::^V— h l 9 5{±^J;t{iT/i- 
15 5: = 'i7j.(^5j; 5^^:&JP*t^t-Tf^i^$tlT*5 0. /^i^yjI^JBifeBffl^'^^^2 0 l(i. 

±lB^ffi2 0 1b ^-!f:/:7°i — h i 9 Sl'^ftt^i^. M 9 5 

(c^ftfcis^-^^^ 19 6 {zx-^y'y'i— h 1 9 5 d^i^^tLSo 

-f-^VU— h 1 9 5 w <!:-C\ ^i7rc/N2 0 1, 2 0 2 (DfiJ^l^BSlh-r 

<!:r;6sx-#:5i:<tt>{^. ±15^^2 0 1 b h 1 9 5 fc^ftfc 

20 L-r*3^3. 3ei=«o;K^<^ 1 9 6 ^^LT*ffi2 0 1 a ^r^iiLTV^5<^T^ 

X. i^:7•V^— 1> 1 9 5^^ttfci:t. ±32-7" y b - h Sjf^^t>'/j<>^ h t - 
M!)f^f::*5{t'5-Lia^>°^->'i-t: — ^ i 6 i, 17 l (0^t^^m^'>^^^2 0 l, 
25 2 0 2(rf^ffi-t-5 J: ^ e>{::{l±l2-l':^>'^^^Sl 9 Ol'T^Cfc^T:^ 

>^;5Sr>rc/N2 0 1 . 2 0 2 (75^® 2 0 1 b, 2 0 2 b i::^^^^^^^^-^^ ct 9 

h 1 9 5{^{i. ^t^i^-^Vi/- h 1 9 5(Dl?:^;^fRj(^Miai-S^fc 
0*:ji:A:i 9 7;6S|S:^t6tLTV^-5o 
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u±m.m L/C. y<^^ym^mm i o i RUy<>^nmms: 102 t^T±ism 

^ly^^BiW: 19 0 ^^ffl-TS r i: T'_h3z!i<7) J: 9 {-^13± 2 0~3 0 Y(D^mm. 
±^(^llig?l^li{c:*3{t^^^^^^?FM^g 1 0 1 T'fi. :7*y t- M^B 1 6 0 

Rv^Tti^ h t ~ hmm 1 7 0 (d^M Ltzmmi^m^m^^m-i^^mm^mm lx 

B5 0 1 ^:^L-CV^5o ^-'^^^^ffM^gS 0 1 iadit^^^O-^JI^fife^g 1 
0 1 i:{::ioV^-C. ^^fctBi^^Ji. t- hi-fis 6 ORXJ^tT.:^ ht- hi^g 
5 7 0 . S.U«J::HB^m<^l^*> i&mWj^Xlh^o l^. ^ y t - h^H 5 6 0 JS. 

-rSc ioT. JeXTl-fix ■T'y t- h^gS 6 0^t>'7K>; hk- M^g5 7 0 

^c:*5v^-c. Jh5zli(7)-7"y t— hi^ie i e o&o^^jf;^ h t — h^g 170 tm^± 

±12^ y t— biggs 6 0(i. 117 2St>'|ll7 3iZ7jk-r^^i^. JKA^gg 1 

3 i;<i^b!>ai/Ni^}t^i 4 1 1 ^c:T{5fe^tLfc^'<:^:7^Jf0fifeB^^l:7ZIl/^2 0 1 fi^ 

mmtXh^m2 l Ot:ftifi*T#£-r'5^gT'fe'9. :^f^i!P.<b LT<7)^n'^/u 
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t— 1 6 1 6 2 ±.\Z.m^WLUU t L-C<DTyU5: = 

<Dm2 1 o^{i. y<>-:^m^m^^^^2 o i o^tW^t^ J: t)*^ i 5 0'C~±t2 

M^^Bg<i:-t-5fci^). T/u^-^A^i 6 3 {^{i. ?^*PMigffl<7:)iSi^ 1 6 

^Jt^^g 1 8 0 izxmi^mm^n^^^mmmm i e 5 {cts^;^^^!^ 
*p*tffiiiss 1 6 4^mm^fh^o X. ±ti'i^mut uttk^^^-t-s r t hx 

K=^^J^mi 6 3 t (OWM^m 1 mm i: LT. [Jra^yNij^^#|fp 14 11 l::T{*l# 

1 6 3 0^^^x^x^r^®(C(i. ry^^y^'^^^ 14 11 (Di^njK 1 4 1 7 <b (DT^ 

4 2 1 t::-Cf^^tLfc/<>-:/'?f^fi!cf^'>:3^^^2 0 2 ^, -^^t 
•9. h t— hl^gS 7 0 tCjoV^Tti. ^N'^^/Hr — ^ 1 7 1 . ^<^>/U't— 

t$= 1 7 2 . T/i^ ^-r^MRi 7 3. ?^iPMffliis§ 17 4. ^n.m^$!mm 175. 

?a£g-fe>lM 7 6. Xmt5 7 7 ^W-t-^o J:oT. HI 7 2 ^t/EI 7 3 (Cfi. 



wo 01/03176 



PCT/JPOO/04280 



61 

±i^(DXoim^^i:h^yV t- hi^gS 6 ORX^Ti^y^ h fc:— h^ffiS 7 0 
^y^2 O 1 izy<:yyy!)m^^ti. ^ LT^-<^^?l^fife^ 2 0 2 2 l|3i|[*J 

ffej, &.T(DmmKis\,^x. -^^/Nf^i^gis 1 411. 1421 t^iit>'5^mffl 

stst^MUT'biifflBi^;'^. mis iz^-rf^.mmmMm^ 14100 ^mi^^u 
5o iM^mm^mmt 14100 {c{-t^T> 14107. 

14113. 14116. 14120. 14121. 1 4 1 2 2 <Sr^ffl-t--5 r 

^<>'ZfM^m^^y-2 0 l St>v^^:7'?f0^tfe^ 2 o 2 {i. #?a(^f#i/^iE 
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t~ hl«jf^oS:*:6<j7i^©0{i, ltJ!lPLfc^m5i-^^(^IPSi^^^f;iJ: OI^^-r 
l^^<7)^m»}^-rs <bi^9#;t::^T:fc5o W'J(^*JttS^y t— ^S()f^(^o^^ 

^(i^J^^I^g 1 8 0 t;iT=fT*?tLSo 0*19. ^7^5/^2 1 O 1 T'{i. :7'yb:- 

h^es 6 ooTyi^^ = !>A;Ki 6 z(OTi^tmUi^^t^^ii^-^mm-^ns m 

:^Tyy'2 1 0 3Xlt. ma{S#^MLT. T/i/^ = '>Atgl 6 3. 

±m(Dx 0 izy<:^ywmm'>~^/^ 201 (D^m^^i^y'^^^^ >i!fmm.mtm 

2 1 o°CX}h^<DX. z.irnzi^}t^vxT/u^:^^Mmi 6 3 f::*3ft 6 iil2#ia 
gM?aS{i^2 0 o°cxh^o T/i-5-'>i^^i 6 3;6^±ta#?a@tf 

LTV^/c^V^<^ ^dfi, HIT 6 tc:;^i-;^-7'5/:/2 1 2 l~^7":y7^2 1 2 4;6S^ 
gjti7^/N2 0 i(DUW^izm<5\^^X'^^X»>^(DX\ Uy<:y':f7n:y'f ^ i^-^m 
^tih^y- yzf 2 1 0 3. 2 1 0 4, RXf:^'ry^2 1 2 1~2 1 2 4 {rx 
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;^x-;/-:^2 1 0 5 d^frL. T'y t — hffijj^fi^T-f-^o J^oT. ;^7^:y>^2 

1 0 6(^T^-<:/7^?i^fifefitll>^^^2 0 1 «407=V >'i^"^7"— v=l 1 0-^^^$ 
tL;5o ^^m^> ^7"5/3?"2 1 0 7X'{i. ^^#t^^gl 6 5l:i^^^^mm 

^t-ei^?aLfc^#{^{i;^^-y::^2 l 0 9 iCT^m#tia^a l 6 5 <7)^^Wia 
(D/<:/:/B^BU'>^/^2 0 1 (D-fy) \^-Ynmz.*m^^. 

±IB;^-7^5'>^2 1 0 3. 2 1 0 4, 'BlO-:^'T yzf^ l 2 l ~2 l 2 4<7)±|S 

x^7^:y^2 1 o ^*^)IS^$nfc#^affi#^^^^v^T/^^::l;>-t^;Kl 6 

3Sr#?a-r5o i^x :*=0JjT*{i2 0t:/':9'^-^^UTV^5o ^x-yr2 104l:i 
-C. T/i'5: = ':>A;Ki 6 3;6S±t5#?ae^?fi^t::jSLXV>/<ci,^i:#ti;i, jj^t" 

#?§.§S^6;0^ib<7)^PB^, X{i^^>'^?fMS{ri>^^^2 0 i<^a®2 0 1 b(??^m» 
nS(i. -hf2«®2 0 1 b (7)^mS$rOeffl-r5^#{::{*, 1^ 7 8 {i;^-t-<J: 5 

±tfi/^°^vUt— ^ 16 1. ±tE/-^°^^/Hi-^5'1^1 6 2, ^t>'T/l-5 = '>Atgl 
6 3{::{i. wtLb^^il-r6Kii:^2 5 2^1i!^iS{t-C*3t. ^^;^/^t~^l 
6 1 (^T^J^#«ir>'i^2 5 1 ^BSKLT. 1:3:^:2 5 2 ^ii LTi^mir 

2 5 1 tCTM® 2 0 1b <7?^^»^SiJ^-r^o Pi^^{iM^^l^g 1 8 0 '^iHtti 

^mfl:;ei'^3H:*6btL5o r^. ±te^m-tr ^^i^ 2 5 i }^T«ffi2 0 i b<D^ 
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^S#^Lfc<!:#. :^7"5/-7'2 1 2 1 Tii, EI 7 7 f:::^-^ 2 7 l icT^-T, #ja 
7^2/^2 1 0 3{::MSo 

*J ^iltRLfci:#t^{i^^-^2 7 Ui^^AMt^^^L. 0ij;t(^ 3 0 0 V± 1 

:^7"5/:7'2 1 2 2-T?{i. ^^#t|&ilBl 6 5 J: :5?^4l3^tfflifig§ i 6 4-^(7) 

5„ rrT% ±M^^Bm^i!^ti-i^mnm.t\.x\'X^ ^m^^^isn^ ^^mi 

(O^. ±-m(D^o\z \mw\\ ^ r^Mj ^y'y:f2\ 
2 3{^T. [217 7{Cf^^2 7 2(::T7it-r. I^^S^i^^Bt <!: <i: <^T/U 5: ^ A 

^16 3(D^i^mii^hii^^imi^^^m.uM^2 7 2t^m'^im^M\^x\,^^-^^^ 

2 4JC#fTL. jiLTV^/ctl/^<!:#{^tt;^7"-y7'2 1 2 2}'^5o -LtE^^;^*! 2 
7 2 ±IB?£j^iiiS 2 7 1 ^y^<DM-e$) "9 S^^S 2 7 1 (D^ 1 X2i)^hmi / 
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0iJ^{^ 1 0 0 V± 1 0%<bri^^^tg-efcSo 

:^y'yy2 1 2 4 -cji. 6 5iz^^f^mumm^i 6 4^(d 

4i;i*5{t5Kif^ijSI-T^. nxy^::^y'y^2 1 0 S^^M-So 

wC^J; 5t--hlB;^-r 5/-7°2 i 0 3^ 2 10 4, ^t)^;^-r 5/-7'2 1 2 1 ~2 1 
2 4(^?&^±#MKij^icJ: 19. T/u^^^^t^l 6 3. "9 x^>-r?fMH& 

ig-t-::<!;T% ^<'^-:fm^m^^^^2 o i(D^(;iaffi2 o i b jolt's 

^^f^fix ±i£li(^J: 9('#?Mcl: "9 tMl|6c^;a^;6^^/^^v^c7)-c^ 0 7 4 
K7r-t^o\z.±.m-:fV t- hgjf^{^J: >9/<^-7'?fMBU^>^/^2 0 1 COS® 2 0 

LT. ±tfi— =ttt-#?aL/-cm-a'}'{i+ 2 0 0 0 V?:®;t, 3 0 0 0 

y^^^ui4 1 1 ^^T^^^t$^-cv^5/^^^?f^^B^^!^^''^2 0 i tj^^j^ v^^v > 

^;^7"~v?i 1 0(ci6ff$n-5o i*ix ^^>-:7'?i^j5!)cBu!> j^^^ 2 o i 2 o i 
b;d5. ^mUm^iXfj:^. v^l l 0 1 1 1 

i^mm-r^t^. mm 20 1 bt^^a^tLfcm^tt^— ifP;i>5H7ai/Ng^g-^i 1 1 

^T—^^tl. X. Sffi2 0 1 b t^^^$tl.fc^#cD— lHi{i_bHB*3a 2 0 1 a 
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L:fcia^±#^J^^noTv^5<DT:\ mm2 o i aRv^mm2 o i b. mzm 
(s^^^nxv^So ^fbi:ix. ±mmm2 0 1 aizmmmm^^ui 4 1 00^ 

^j^^-tirXV^^., ctoT. ^® 2 0 1 a CliottS^^^"— i5^(7)^^SrESlh-r5r 

/^:/:/?fMHt'>^^^ 2 0 1 Tt^^^-T^V 1 1 0 {::«cB^tLfc^, 

ViJ^'^^T^^v^ 1 1 o liii^ tJ ^J^^i^tt 1 8 ot^Ttbf^^m^tiS t — 
1 1 2{^-CJifE^^^^-7'^">xV ^^^m^i::.mm^titi:i^iby<>'^m^m^ 

-f'B^^^y Kl 2 0t3T-'^>':7°i 9 ■fy^W'^-^fh^^ 

tbl^lftlHS 1 4 2 2 iZXm 1 i^^W 1 4 2 4 RV^^2^W^U 1 4 2 5 

v'l 1 0(D^=r.y^mm:-^i l l ^-t^^i^So ^ 

±^mm^x K) . y<>'-:fmf^tk^^^^2 o 2(Dmm2 02a (-immffliH^wi 4 

2 6tr'll;b5^affl^iltMl 4 1 0 0;i^^^T^jlfei-^o ^(-> ±teiE»)SB 1 
4 2 2 iZXm 1 {^itlfP^t 1 4 2 4^t;^m 2<5^#lF|5*t 1 4 2 5 SrM Cfcf^. 
7=^^ v^l 1 OOi^aL/N^g-^ 1 1 1 ^Tl^$-ti:5r i:-e. y<i^-:^M 

mk'>^^^2 0 2 {i^tiiiRiJ^m^g 1 4 2(D^^y^^mm 4 2 1 

So 

e7^/N^^lt^fB 1 4 2 1 JZT{^it$tbyb^^:/:7'?f^fiK^f>^^^2 0 2(i. figi±iia!l 
^mmm 142 (DJ^I&l^g 1423 <^gg»j(;iT r>znyNf;i^|tlFP 1421 ;5sx:^ip] 
t'^«j-r ^ w <i: X. HI 7 1 {ciTj^i-J: 5 ^^K;^ l> fc — hB^ 5 7 0 o±;^{iia 
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■^X'y<>ZfW^!^1k^=^^^2 0 2<7)7jf;^ h h — h^rfOo 

^^^7^31x^2 0 2(c::4.D5M^^<t:}^f¥v\ y<'^y'nm^k^ 2 o 2}c{il;?lf 

;65^i^L. El? 4{C^-^3 O 3. 3 0 4tCT77^i-J; 9 tC, ■^O«S2 0 2 aS. 

tj«Mffi2 0 2 h i^mm,^f&:i-To 

®2 0 2 b0^mft^W3;tSo S®2 0 2 a mm.m^m^U 1 4 1 

0 Oy5Sg^MLT*5>9, «®2 O 2 a (D^l;f*r-;5^$nSo 

Ml^ti^Jl^iSK 1 8 0 {wTff :J^tL5<, 0:^9. ^"7-^-^2 1 3 1 T-li. h 

W^&?a;S^::^^V^<^ P^7- y-:f'2 1 3 2m:^N°^vH;— iJ' 1 7 1(cJ;5;!JP 

1 7 5 J; S ^^«^.&{:: J: S?^SP{^ J; ilBW^Mfi^grt::!^ 

gp^n^o ^^iiT-f^. JiiB^$^?ai£{t^2 0 o°c-efo«9 . T/i-^-r>Atsi 7 
;^7^5'r2i33 T'{i> ^wm LT. _LHa^^#^^^^e 1 7 5 j: 

5^^#t|&{-ct •9ryU^-r>A;figl 7 3, •9y^>-:?^^fifef^!i7^/N2 0 20 
I^M^asR^M^tu. ;^7"'y^2 1 3 4T♦{»Mg^?£.g^^T/^5^'^7-t^;Kl 7 3 
t^'^vm\^fLi>^'^t^i}^W^^f\^^. r^. «(J-e{i. T/u5: - ^^i^s^^ i 7 3 ic^ott 
S±i2I^MS^Jg^Ji. 40°C-CfcSo T/l^^^'j/i.^l 7 3;6S_LiBl^^ag:^ 
a;et(-iSLTV^/^V^i:#t::{±, 1218 0 Iwtf-T^ 5/ 2 15 1 5/7^2 1 

5 4:*5||fT$tL5o 

'tte^^T^ 5/^2 1 3 3. 2 1 3 4. ^Xj:^^yy'2 151 — 215 A\ZX 
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^7":y-7°2 1 3 Str^frL. h t - Mbf^fl^yT So ioT. ;^7^:y^ 

2 13 6t::T^^>-/«f^^^-^^2 0 2.\m.)^^m. \ 4 2'-^«$nSo l» 
Wl^. >^7^-/;7'2 1 3 7-e{i> /^°^>/^t-^5' 1 7 1 -^cT^iim^^^L. T/l^^ 
= 7 3^±fag|i^?@.;^*-C#?&$1t. :^=ry-7"2. 1 3 8 l::TJbi2§i*^ 

i^{i;^X:y:/2 1 3 9{^r/'?^wPt— 1 7 1 -^(Diim^^ihL. _LffiM*^?l. 
-hlE;^7'-y y^2 1 3 3. 2 1 3 4. mj:^'ry-f2 1 5 1 ~2 1 5 4 t:ijo{-t 

5o :^'ryy2 1 3 Aicx. T/w- ^ 1 7 3 ;65_L32I^MSM^afi£t-iS b 

TV^7^cv^<^#(c{i. ;^x5/::^2 1 5 i--^fTb. mfi^*^##^«fcLTV^-5 

:d5#;te>ns ;2tcM-e(±T/i-5: = '>^^l 7 3(^?aS^^ffl bTV>:5o 

^^omP^<D^j:i#He,Lfr|g|7 StCTF-Tct^t^. T/w^-f>J^;Ki 7 S^tc^il 
■K2 5 2^m^mif. — 1 7 l(DT^{^#mir^1^2 5 1 ^gBgL 

X. mm'K2 5 2^jiL-c#m-fe^'f-2 5 1 ><zxMm2 0 2 b(D^m*^Sfj5£ 

^3S^Lfci#. ;^Ty7'2 1 5 lT1i> IDS 1 {^^^2 7 5{CT?j^i-. 
^*&a#<bm^^<7)T/l'$ = lj^A;^l 6 Z<D^W^t^hm.mm^i>^^W^\^^2 
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2 13 3lzm^o 

2 ^K^m-^s^x^ y) . r^^^j ^m9L Lfc t # iam^ 275 f^^m 

*Sit^+SS ^Rlx-fia 0 o v± 1 0%t::^^wrtgT^So 

:^'ry':f2 l 5 2 "Cti. h t — h^gS 7 0 <7)^N°^./Ut — l 7 l ^CO 

M#^i^*6i^^$tLXv^So ^mxit. + 3 o'C/'^tzi^^uxv^So 

(Dm.. _bxB<^)cfc9{r r^r^j r^Mj ^:65fc5o ;*:0«JT-{±. ;5^v".y>^2i 
5 3tCT. 08 1 53:^^-^2 7 6 f^T^i". ^Umth^tm^t<DT/i-?. ^^J^ 

Wil 7 3(D^m.^:b>hmL^m^^^t^mLm%2 7 6;6^^^ifi{CiiLTV>:5;6^S^ 

ic^ni^. mi.X\^^fj:\^t^ia'ii:^'ry^2 1 5 2l,zm^o iiata^*! 2 7 6 
fi. JL|5jgJr*S2 7 5^ti|(D, jagri|©2 7 5 0^1/2;5*e>|^l/3m^<^^ 
T'fei9. :^mXi±l 5X:izm^L,X\,^^o f^x -blB^fi g ^*<4^<7)i^S» L 

0 0 v± 1 o%izm^'^t!^xh^o 

y^'Tyy:2 1 5 4t?{i. h t— h^as 7 0<7)/^^>/Ut— 1 7 \^(n> 

am^^itt. T/U5^r>A;Kl 7 3cD#?fi^f?Jh-r^o ^> 2 1 5 4 
*5{tS»if^ij?l-Tf^. ^Xl::^'T -y-y 2 1 3 3--M5o 

r<Dj: 5 {C_biB;^v^ ^;/:/2133, 2134. St)f;^7^ <;/'7'2 1 5 1 ~2 1 
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y<:y^mm^^^^^2 0 2(D±Kum2 o 2 h\z.if6\-f^-m.'^\-i.^ ^mz.ii k)-^ 

fi. ±i^<7)J; 9 J::p^?ai|'IJ; "9 h^^m(D:f3ti^/b^\^(DX^ HI 7 4 \z^^- 3 0 3 
(rT7F-rj:^{;i, ±fB>J<;^ N t - htdm^ct /^':/'7°?|^fife^«i^^^N 2 o 2 0« 

® 2 0 2 b}::{i:ftm?^/5^^^ll$nTV^< ^^Mtis 

— ^Ji LT. JilB— ^t::|^?^L/c^^{c{ij^-2 o o o v~jj^- 3 0 0 0 vm 
;^*-r'^mi-6:dS. #ig.^?$S5:{::^i9il-t-r <b-e^- 1 0 0 vm^l^«];t 

tr^ttSo mffiftiJ^m^gi 4 2(D!>3i/N-g^|^gpi 4 2 1 fi. ^<:yym^mi^ 
202 ^is^it Vfci^mizx. ^mmm 1423 <ommz. ^ x::a^r&J {::ft>o 
TftStB^gi 3 2<Z)±::d-'^^S!j-r5o ^mk(r>'ijm^ ±Mm 5 6{c:7FLXV^5o 

±tmmk. mm^^m. 132 (oiEit^p 1324 }^ss!,f^ ±tsi2i 5 7 j^^-r 

=fc 9 iC. (^^t^l 3 2 3:d^/^:/^?fMfti:7ai^N2 O 2 OM® 2 0 2 b (C^MLx 
;6^oy<>-:7'f$fife^r^ai^N2 0 2 /i^ tjzaiyN-^^^^gp i 4 2 1 (7>^it/I\ 1 4 1 7/i^b 
^lnim^##_L;$S:5J;9(-±#i-^o i^4^lfP 1 3 2 3 7)5_h|E«®2 0 2 b 
^^M-r § ' <J: T\ Sffi2 0 2 b 1 3 2 3 ^ii DTT — ^ ^ tL^S 

^t^^h. 1217 4(C^?-^3 0 5(r-C.i^i-J; 9 {-«®2 0 2 b O^mfifiJ^^^-T 

2>o X. ±tiL±^(Dt^ict. ^Mmmm^ui 410 ot^^-^^-T/jf^^K^^^oi 

/^2 0 2(7D*ffi2 0 2 a {^^ML/ct>tS^li^^L-CV>-5„ ctoT. «SAigg 1 
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charge of charge appearance semiconductor sub- 
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cooling is removed through direct contact with a post- 
fomiing bumps heating device (170), or the charge is 
removed by a decrease in temperature control that 
charge can be removed in a noncontact state. Therefore 
an amount of charge of the wafer can be reduced in 
comparison with the conventional art, so that the wafer 
is prevented from pyroelectric breakdown and damage 
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Des ripti n 

Technical Reki 

[0001 ] The present invention relates to a bump f onm- 
Ing apparatus forfomning bumps onto a charge appear- 
ance type semiconductor substrate such as a piezoe- 
lectric substrate or the like which generate electric 
charge in accordance with a temperature change, that 
is, a charge appearance semiconductor substrate, a 
method carried out by the bump fomiing apparatus for 
removing charge of the charge appearance semicon- 
ductor substrate, a charge removing unit Installed In the 
bump fomfiing apparatus for charge appearance semi- 
conductor substrates, and a charge appearance semi- 
conductor substrate. 

Background Art 

[0002] Electronic components installed in devk:es, e. 
g., portable phones and the like have been made com- 
pact these days in association with a great miniaturiza- 
tion of the devices. There is a bump forming apparatus 
whk^h fomis bumps on electrode parts in circuit fomi 
parts fomried on a semiconductor wafer without sepa- 
rating the circuit form parts individually from the semi- 
conductor wafer. The bump fonning apparatus of the 
kind comprises a carry-in device for taking out the sem- 
iconductor wafer without bumps fomied yet, namely, a 
pre-fonfning bumps wafer from a first storage container 
where the wafers before forming bumps are stored, a 
second storage container for storing semiconductor wa- 
fers with fomned bumps, i.e., a wafer with formed bumps, 
a bonding stage where the wafer before fonning bumps 
is placed on and which nomnally heats the semiconduc- 
tor wafer to 250-270°C so as to join the electrode parts 
and bumps, a carry-out device for making the wafer with 
formed bumps store into the second storage container, 
and a transfer device for transferring the wafer from the 
carry-in device to the bonding stage and from the bond- 
ing stage to the carry-out device. 
[0003] Meanwhile, there are piezoelectric substrates 
on which SAW (Surface Acoustic Wave) filters, used in 
the portable phones or the like, are formed, substrates 
consisting of quartz unlike conventional ones of silk^on, 
and compound semiconductor wafers having sub- 
strates formed of lithium tantalum, lithium niobium, gal- 
lium arsenide and so on. Although the compound sem- 
iconductor wafers or the like are normally heated to 
about ISCC to a maximum of approximately 200''C 
when bumps arefomned, a speed in heating and cooling 
the wafers must be reduced in comparison with the con- 
ventional silicon wafers. 

[0004] For example, a SAW filter 1 0 shown in Fig. 85 
has an input side circuit 12 and an output side circuit 13 
fonmed in pair on a piezoelectric substrate 11. Bumps 
19 are formed on electrode parts 18 of th SAW filter 10 
by a bump fomiing head of the bump fonning apparatus 



as shown in Fig. 88. Both of th input side circuit 1 2 and 
output side circuit 13 hav a shape like a fine-toothed 
comb. The input Sid circuit 12 is oscillat dbyasupplied 
input electric signal. The oscillation propagates a sur- 

5 face 11a of the piezoelectric substrate 11, ther^y vi- 
brating the output side circuit 13. An electronic signal is 
generated and outputted by the output side circuit 13 
based on the vibration. The SAW filter 1 0 thus passes 
only signals of a specific frequency. The SAW filter 1 0 

10 shown in Fig. 85 is one of many SAW filters 10 formed 
in matrix on the wafer-shaped piezoelectric substrate 
11 . Operations, for instance, forming bumps, etc. to cir- 
cuit parts of the SAW filters 10 are carried out to the 
wafer-shaped piezoelectric substrate 11. Each SAWfil- 

15 ter 1 0 Is separated from the wafer-shaped piezoelectric 
substrate 1 1 at a final stage. The wafer-shaped piezoe- 
lectric substrate 1 1 has a characteristic that the sub- 
strate 11 is hard to charge, but it is difficult to remove 
electric charge from the substrate once It is charged. 

20 [0005] Because of using the piezoelectric substrate 
11 as above, electric charge is generated by defonna- 
tion or the like of the wafer-shaped piezoelectric sub- 
strate 1 1 caused by a temperature rise and a tempera- 
ture drop between a room temperature and the afore- 

^ mentioned approximately 150''C, thus front and rear 
faces of the wafer-shaped piezoelectric substrate 1 1 be- 
come to be charged. A quantity of the charge becomes 
approximately 9000V at maximum. 
[0006] Since the wafer-shaped piezoelectric sub- 

30 strata 1 1 1s thin l>y itself, the rear face thereof is possibly 
induced to vibrate by the vibration generated to the front 
face 11a, which adversely affects the vibration of the 
front face. For preventing generation of the vibration on 
the rear face, fine grooves 14 are formed as indicated 

3s In Fig. 87 to the rear face of the wafer-shaped piezoe- 
lectric substrate 11 . Electric charge presents inside the 
grooves 14 is difficult to remove. Although the grooves 
14 are exaggeratively illustrated in Fig. 87, actually, the 
grooves 1 4 are f omied in a size in conformity with a f re- 

40 quency to be processed by the SAW filter, and arranged 
by a pitch of approximately several ^m-several hun- 
dreds A(angstrom). 

[0007] If the charged wafer-shaped piezoelectric sub- 
strate 11 is placed on, e.g., the bonding stage, sparking 

45 takes place in some cases between the bonding stage 
and the piezoelectric sut>strate 1 1 or between the front 
and rear faces of the wafer-shaped piezoelectric sub- 
strate 11 . If the sparking occurs, the sparking melts the 
comb teeth part thereby breaking the circuit as indicated 

50 by reference numerals 15-1 7 in Fig. 86. Also when the 
wafer-shaped piezoelectric substrate 11 is brought to, 
for example, above the bonding stage, the wafer- 
shaped piezoelectric substrate 11 is attracted towards 
the bonding stage by charge, and consequently the wa- 

55 fer-shaped piezoelectric substrate 1 1 may be broken by 
the attraction force. Furthermore, when the piezoelectric 
substrate 11 is to be moved again after putting on the 
bonding stage, the piezoelectric substrate may be bro- 
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ken ifth substrate is fore d to move because an unrting 
force to the bonding stag is so strong. 
[0008] As abov , In th bump forming apparatus for 
forming bumps onto the substrate which generates elec- 
tric charge consequent to a t mperature change in the 
temperature rise and temperature drop such as the wa- 
fer-shaped piezoelectric substrate 11 , quartz substrate 
wafer, compound semiconductor wafer and the like, it 
becomes an important Issue to eliminate charge, where- 
as it was not a fundamental problem In the conventional 
bump forming apparatus for fomnlng bumps to silicon 
wafers. 

[0009] In the meantime, as is disclosed, e.g., in the 
published specifk:ation of Japanese Patent Laid-Open 
Publication No. 55-87434, a wafer Is proposed in which 
an aluminum film is formed along a dicing line provided 
to a front face of the wafer to let electric charge of the 
front face out to a periphery of the wafer along the dicing 
line, thereby removing the charge through the periphery, 
or In whbh an aluminum film is formed to the whole of 
a rear face of the wafer to facilitate elimination of charge 
from the rear face. It is possible to remove charge from 
the wafer in this manner. But the aluminum film of the 
rear face may be separated to cause troubles at the ap- 
plk:atlon of a pressure and ultrasonk: vibration to the 
rear face by a pressing member because the pressure 
and ultrasonic vibration are applied with the pressing 
member brought into contact with the rear face, for ex- 
ample, when each chip cut out from the wafer Is flip chip 
mounted to the substrate via the bump. Therefore, the 
aluminum film fomied for the purpose of elimination of 
charge should be removed before the chip is mounted, 
resulting in an increase of processes and costs. 
[0010] On the other hand, since charge is generated 
consequent to the temperature change In the tempera- 
ture rise and temperature drop to the wafer-shaped pi- 
ezoelectric substrate 1 1 , quartz substrate wafer or com- 
pound semiconductor wafer as discussed above, a 
speed of the temperature rise and temperature drop 
should be set lower than in conventional silicon wafers. 
As a result, a cycle time becomes undesirably lengthy 
in the case of the piezoelectric substrate 1 1 , etc. as com- 
pared with conventional silicon wafers not accompanied 
with generation of charge. 

[001 1 ] Moreover, for example when the temperature 
change takes place as the wafer-shaped piezoelectric 
substrate 1 1 , quartz substrate wafer or compound sem- 
iconductor wafer is placed on the bonding stage after 
raised in temperature, for example the wafer-shaped pi- 
ezoelectric substrate 11 is warped due to a difference 
between a raised temperature and a temperature of the 
bonding stage. This warpage should be corrected, be- 
cause the wafer-shaped piezoelectric substrate 11 
would crack, be chipped or break if bumps were fomried 
to the warped substrate. 

[0012] The pr s nt invention Is d vis d to solve th 
above-described problems, and has for its object to pro- 
vide a bump forming apparatus whk:h can effectively re- 



mov charge generated as a result of a temperatur rise 
and at mperature drop of charg appearance semicon- 
ductor substrates befor and after bumps are formed to 
the substrates, can operat with a cycle time not inferior 

5 to a cycle time for substrates not accompanied with gen- 
eration of charge even in the presence of a temperature 
difference, and will not break the charge appearance 
semiconductor substrates, that is, which can preventthe 
charge appearance semiconductor substrates from py- 

10 roelectric breakdown and physk^al failures, a method 
earned out by the bump f onning apparatus for removing 
charge of charge appearance semiconductor sub- 
strates, a charge removing unit Installed in the bump 
forming apparatus for charge appearance semteonduc- 

'5 tor substrates, and a charge appearance semiconductor 
substrate. 

Disclosure Of Invention 

20 [0013] In accomplishing this and other objects and 
features, a bump forming apparatus for charge appear- 
ance semiconductor substrates is provided according to 
afirst aspect of the present invention, which is equipped 
with a bump fomnlng head for fomnlng bumps onto elec- 
ts trodes of a circuit on the charge appearance semteon- 
ductor substrate which generates electric charge in con- 
sequence of a temperature change in a state while heat- 
ed to a bump bonding temperature necessary for form- 
ing the bumps, 
30 said bump forming apparatus comprising: 

a heating and cooling apparatus for eliminating 
electric charge generated to the substrate as a re- 
sult of a decrease in temperature in cooling the sub- 
35 strate after bumps are bonded to the heated sub- 
strate; and 

a controller for executing a decrease In temperature 
control for cooling the substrate after the bonding 
to the heating and cooling apparatus. 

40 

[001 4] In the above constitution, because of compris- 
ing the heating and cooling apparatus and the controller, 
at least when the charge appearance semiconductor 
substrate is cooled after the bumps are bonded thereto, 

^ charge accumulated to the charge appearance semi- 
conductor substrate Is removed. Therefore an amount 
of charge of the charge appearance semkx>nductor sub- 
strate can be reduced in comparison with the conven- 
tional art. Occun'ences of damages such as a pyroelec- 

so trie breakdown of the circuit formed to the charge ap- 
pearance semiconductor substrate and a break of the 
charge appearance semconductor substrate Itself, etc., 
caused by the charging can be prevented accordingly. 
[0015] In a bump forming apparatus for charge ap- 

S5 pearance semico nductor substrates accordi ng to a sec- 
ond aspect of the present Invention, when executing the 
cooling, the heating and cooling apparatus can be 
adopted to come in contact with a rear face opposite to 



TH\S PAGE BLANK 



5 



EP 1202 336 A1 



6 



a front fac as a circuit-formed face of th charg ap- 
pearance semiconductor substrate so as to eliminate 
charge generat d to the sut)strate because of th de- 
crease in temperature in the cooling. 
[0016] According to a third aspect of th present in- 
vention, there is provided a method for removing charge 
of charge appearance semiconductor substrates which 
generate charge in consequence of a temperature 
change thereof, which comprises: 

forming bumps to electrodes of a circuit on the sub- 
strate with the substrate heated to a bump bonding 
temperature necessary for forming the bumps, 
when the substrate is cooled after fomrtlng bumps, 
and 

eliminating etectriccharge which is generatedto the 
substrate as a result of a decrease in temperature 
in cooling the substrate through a load member on 
which the substrate is placed. 

[0017] According to these constitution, electric charge 
can be eliminated, because the heating and cooling ap- 
paratus comes in direct contact with the charge appear- 
ance semiconductor substrate when the substrate is 
cooled after the bumps are formed thereto. 
[001 8] According to a fourth aspect of the present in- 
vention, the bumpfonning apparatus for charge appear- 
ance semiconductor substrates can be configured so 
that the heating and cooling apparatus preheats the 
substrate to a vicinity of the bump bonding temperature 
before heating the substrate to the bump bonding tem- 
perature, and further eliminates charge generated to the 
substrate because of a temperature rise by the preheat- 
ing through contact with the rear face of the substrate, 
the controller executes a temperature rise control for the 
preheating operation to the heating and cooling appa- 
ratus. 

[0019] According to the above constitution, electric 
charge generated to the charge appearance semicon- 
ductor substrate by the preheating of heating the sub- 
strate to the bump bonding temperature can be removed 
as well. Damages such as the pyroelectric breakdown 
and the break, etc., can be reduced more. 
[0020] According to a fifth aspect of the present inven- 
tion, the bump forming apparatus for charge appear- 
ance semiconductor substrates can be constituted in a 
structure wherein the heating and cooling apparatus 
comprises a bump bonding stage for heating the sub- 
strate to the bump bonding temperature, and a cooling 
device for cooling the substrate in accordance with the 
decrease in temperature control by the controller, and 
the cooling device includes a heat diffuser member 
which comes in contact with the rear face of the sub- 
strate, a heating part detachable to the heat diffuser 
member for raising the heat diffuser member in temper- 
atur , and a separator for separating the heat diffuser 
memb r and the heating part so as to promote cooling 
of the heat diffuser member. 



[0021] tnth bump fomriing apparatus for charg ap- 
pearance semiconductor substrates according to a sixth 
aspect of the present inv ntion, the heating and cooling 
apparatus may comprise a bump bonding stage for 

5 heating the substrate to the bump bonding temperature, 
and a preheat device for preheating the substrate in ac- 
cordance with the temperature rise control by the con- 
troller, and the preheat device may include a heat dif- 
fuser member which comes in contact with the rear face 

10 of the substrate, a heating part which comes in contact 
with the heat diffuser member so as to raise the heat 
diffuser member in temperature, and a separator for 
separating the heat diffuser member and the heating 
part so as to promote cooling of the heat diffuser mem- 

15 ber. 

[0022] According to the above constitution, since the 
heat diffuser member and the heating part are separat- 
ed by the separator, the cooling of the heat diffuser 
member is accelerated, thereby shortening a cycle time 

20 in comparison with the conventional art. Moreover, the 
heating part can have a longer service life. 
[0023] According to a seventh aspect of the present 
Invention, the bump fonnlng apparatus for charge ap- 
pearance semiconductor substrates may further include 

25 a gas supply devtee for supplying a gas to the substrate 
placed to the heating and cooling apparatus, 

wherein the controller executes a warpage correc- 
tion control for correcting a warpage generated to the 
substrate placed to the heating and cooling apparatus 

30 to either the gas supply device, or the heating and cool- 
ing apparatus. 

[0024] In the above arrangement of blowing the gas 
to the charge appearance semiconductor substrate 
from the gas supply device, the warpage of the charge 
35 appearance semiconductor substrate can be corrected 
and the damage such as break or the like can be pre- 
vented. 

[0025] In the bump fomning apparatus for charge ap- 
pearance semrconductor sut)strate according to an 

40 eighth aspect of the present invention, it can be so ar- 
ranged that the controller executes a blowing control for 
charge removal for eliminating charge generated to the 
substrate placed to the heating and cooling apparatus 
to the gas supply device. 

^ [0026] According to the above constitution, since the 
controller executes the blowing control for charge re- 
moval to the gas supply device, the blowing control en- 
ables electric charge of the charge appearance semi- 
conductor substrate to be removed, so that the damage 

50 such as pyroelectric breakdown and break or the like 
can be avoided. 

[0027] According to a ninth aspect of the present in- 
vention, the bump fomning apparatus for charge appear- 
ance semiconductor substrates may be further 
55 equipped with a contact member for charge removal 
which comes in contact with the front face of the sub- 
strate thereby r moving charge of an amount generated 
to the front face. 
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[0028] Not only lectric charge of th front face of the 
charge appearance senniconductor substrate can be 
eliminated by the contact member, but the damage such 
as pyroeiectric breakdown and break and the like can 
be prevented in the arrangem nt. 
[0029] According to a 1 0th aspect of the present in- 
vention, the bump fonning apparatus for charge appear- 
ance semiconductor substrates may be designed to fur- 
ther include an ion generatorf or generating ions for neu- 
tralizing charge accumulated to the substrate. 
[0030] Electric charge of the charge appearance sem- 
iconductor substrate can be neutralized by the ion gen- 
erator arranged as above and the damage such as py- 
roeiectric breakdown, break and the like can be prevent- 
ed. 

[0031 ] In the bump forming apparatus for charge ap- 
pearance semiconductor substrates according to an 
1 1 th aspect of the present invention, the apparatus can 
be configured to further comprise a wafer holding part 
with holding hooks for holding the substrate by the hold- 
ing hooks and transferring the substrate to the heating 
and cooling apparatus, wherein the wafer holding part 
and the holding hooks are coated with an insulating ma- 
terial at a portion where the ions generated from the ion 
generator act. 

[0032] Since the holding hook portions of the wafer 
holding part are coated with the insulating material, ions 
generated from the ion generator can be prevented from 
acting to a metallic part to decrease the charge removal 
effect. 

[0033] According to a 12th aspect of the present In- 
vention, in the bump forming apparatus for charge ap- 
pearance semrconductor substrates, the heating and 
cooling apparatus may be metal plated at a portion in 
contact with the rear face of the substrate for improving 
a heat conductivity between the heating and cooling ap- 
paratus and the substrate and removing charge of the 
substrate. 

[0034] The metal plating in the above constitution im- 
proves the heat conductivity between the heating and 
cooling apparatus and the substrate, and enhances the 
charge removal effect for the substrate. 
[0035] A charge removing unit for charge appearance 
semkx)nductor substrates according to a 13th aspect of 
the present Invention comprises: 

a heating/cooling apparatus which comes in contact 
with a rear face opposite to a front face as a circuit- 
fonned face of the charge appearance semiconduc- 
tor substrate which generates charge in conse- 
quence of a temperature change, thereby removing 
charge generated to the substrate as a result of a 
decrease in temperature in cooling the substrate af- 
ter heating the substrate; and 
a controller for executing a decrease in temperature 
control for cooling the substrate to th h ating and 
cooling apparatus. 



[0036] A charge appearanc semteonductor sub- 
strate provided according to a 1 4th aspect of the present 
Invention comprises: 

5 a region for charge removal which is formed to a 
front face as a drcurt-formed face of the charge ap- 
pearance semiconductor substrate which gener- 
ates charge in consequence of a temperature 
change and whbh is f omned of a conductor for ellm- 

10 inating charge generated to the substrate; and 

dicing lines, connected to the region for charge re- 
moval, for dicing circuit-fonned parts fomned to the 
front face from the substrate. 

IS [0037] In a charge removal method according to a 
15th aspect of the present Invention, whbh comprises: 

bringing a charge appearance semiconductor sub- 
strate defined in the 14th aspect Into contact with a 
20 contact member for charge removal defined in the 

ninth aspect; and 

eliminating charge generated to the substrate. 

[0038] According to the charge appearance semicon- 

25 ductor substrate of the 14th aspect and the charge re- 
moval method of the 1 5th aspect, there are arranged 
the region for charge removal and the dicing lines, so 
that charge generated to the charge appearance semi- 
conductor substrate can be eliminated from the region 

30 for charge removal, or via the region for charge removal 
and the dicing lines. The damage resulting from the 
charging such as pyroeiectric breakdown of the circuit 
formed to the substrate and break of the substrate itself, 
etc. can be prevented accordingly. An amount of charge 

35 of the charge appearance semiconductor substrate var- 
ies, e.g., depending on a manner of earthing from the 
circuit-fonned parts of the substrate to the dicing lines 
of the substrate. The amount of charge can be reduced 
to approximately ±20V without using the ion generator 

40 when electric charge is removed most effectively. The 
amount of charge can be reduced to approximately 
±200V on average. 

[0039] According to a 16th aspect of the present in- 
vention, a charge appearance semiconductor sut>strate 

45 which has an amount of charge of not larger than ±200V 
because of eliminating charge generated to the charge 
appearance semiconductor substrate which generates 
charge in consequence of a temperature change. 
[0040] According to a 17th aspect of the present in- 

50 vention, electric charge of the charge appearance sem- 
teonductor substrate is removed by the charge removal 
method of the above-described third aspect. 
[0041] The bump fomiing apparatus for charge ap- 
pearance semiconductor substrates according to an 

55 1 Bth aspect of the present invention may be configured 
so that the decrease in temperatur control by th con- 
troller is a control for eliminating charge generat d to 
the charge appearance semiconductor suk>strate as a 
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result of th decreas in temperature in the cooling, 

while the heating and cooling apparatus heats the 
substrate to the bump bonding temperature in a non- 
contact state to the substrate and cools the substrate in 
the non-contact stat In accordance with the decrease 
In temperature control by the controller after the bond- 
ing. 

[0042] According to a 19th aspect of the present in- 
vention Is provided a method for removing charge of 
charge appearance semiconductor substrates which 
generates electric charge In consequence of a tennper- 
ature change, the method comprising: 

fonning bunps to electrodes formed in a circuit on 
the substrate which generates electric charge in 
consequence of a temperature change with the 
substrate heated to a bump bonding temperature 
necessary for fonning the bumps; and 
after the bump-fomiing, when the substrate is 
cooled with use of a cooling device arranged in a 
non-contact state to the substrate for heating the 
substrate thereby adjusting a decrease in temper- 
ature of the substrate, executing a decrease in tem- 
perature control for eliminating charge generated 
as a result of the decrease in temperature In cooling 
the substrate to the cooling device. 

[0043] Since the decrease in temperature Is control- 
led for the heating and cooling apparatus to remove 
electric charge accumulated to the substrate In the non- 
contact state to the substrate when the substrate is 
cooled after having bumps formed thereto, the amount 
of electric charge can be reduced as compared with the 
conventional art. The damage caused by the charging 
to the circuit formed to the substrate and break of the 
substrate itself, etc. can be prevented without providing 
the substrate with a charge removal means for removing 
charge. 

[0044] According to a 20th aspect of the present in- 
vention, the decrease in temperature control in the 
bump fonning apparatus of the 18th aspect can be de- 
signed to alternately repeat a decrease in temperature 
and, a temperature rise by a temperature width smaller 
than a decrease temperature width of the decrease in 
temperature. 

[0045] In the above bump forming apparatus for 
charge appearance semiconductor substrates of the 
18th aspect, the heating of the substrate at the heating 
and cooling apparatus to the bump bonding temperature 
may include preheating operation for preliminarily heat- 
ing the substrate to a vicinity of the bump bonding tenn- 
perature, 

the controller may further execute a temperature 
rise control for removing charge generated to the charge 
appearance semiconductor substrate as a result of a 
temperature rise in th pr h ating to th h ating and 
cooling apparatus. 

[0046] The aforementioned temperature rise control 



can b designed to altemately repeat a temp rature 
rise, and a decrease in temperature by a temperature 
width smaller than a raise temperature width of the tem- 
perature rise. 

5 [0047] A charge removing unit for charge appearanc 
semiconductor substrates is provided according to a 
21st aspect of the present invention, which comprises: 

a controller for executing a decrease in temperature 
control to eliminate electric charge generated as a 
result of a decrease In temperature in cooling after 
heating the charge appearance semiconductorsub- 
strate which generates electric charge In conse- 
quence of a temperature change; and 
a heating and cooling apparatus for heating the sub- 
strate in a non-contact state to the substrate and 
cooling the substrate in accordance with the de- 
crease in temperature control by the controller after 
the cooling. 

[0048] A charge appearance semiconductor sub- 
strate according to a 22nd aspect of the present inven- 
tion has charge removed by the charge removal method 
of the 19th aspect. 

Brief Description Of Drawings 

[0049] These and other aspects and features of the 
present invention will become clear from the following 
description taken in conjunction with the prefenred em- 
bodiments thereof with reference to the accompanying 
drawings, in which: 

Fig. 1 is a perspective view of an entire constitution 
of a bump fonning apparatus according to a first em- 
bodiment of the present invention; 
Fig. 2 is a perspective view showing in detail a struc- 
ture of essential parts of the bump fonning appara- 
tus of Fig. 1; 

Fig. 3 is a perspective view showing In detail a con- 
stitution of a carry-in devtee of Rgs. 1 and 2; 
Fig. 4 is a perspective view showing in detail a con- 
stitution of an orientation flat registration devtee of 

Figs. 1 and 2; 

Fig. 5 is a perspective view showing in detail a con- 
stitution of a transfer device of Figs. 1 and 2; 
Fig. 6 is a diagram showing in detail a holding hook 
portion of a wafer holding part of Fig. 5; 
Fig. 7 is a diagram showing in detail a constitution 
of a contact member for charge removal of the wafer 
holding part in Fig. 5; 

Fig. 8 is a diagram showing a constitution of another 
exanf>ple of the contact member for charge removal 
of the wafer holding part of Fig. 5; 
Fig. 9 is a diagram Indicative of a relationship of an 
aluminum film fonned to a wafer circumferential 
edge portion and a contact position of the contact 
member for charge removal; 
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Fig. 1 0 is a diagram of a modified xampi of the 
contact member for charge removal; 
Fig. 11 Is a diagram showing a structure of a bump 
bonding unit of Fig. 1 ; 

Fig. 12 is a diagram explanatory of a wafer warp- 5 

age; 

Fig. 13 is a diagram of a modified example of the 
contact member for charge removal; 
Fig. 14 is a diagram of a modified example of the 
contact member for charge removal; io 
Fig. 1 5 is a perspective view explanatory of a struc- 
ture of the member for charge removal shown in Fig. 
14; 

Fig. 16 Is a perspective view explanatory of the 
stmcture of the member for charge removal of Fig. is 
14; 

Fig. 1 7 is a perspective view of a modified example 
of the contact member for charge removal; 
Fig. 18 is a diagram of a modified example of the 
contact member for charge removal; 20 
Fig. 1 9 is a diagram of a modification of the contact 
member for charge removal of Fig. 1 8; 
Fig. 20 is a diagram of a modified example of the 
contact member for charge removal; 
Fig. 21 is a perspective view of a modified example 25 
of a member provided at one end of the contact 
member for charge removal; 
Fig. 22 is a perspective view of a preheat device 
and a post-forming bumps heating device; 
Fig. 23 is a diagram for explaining operations of the so 
preheat device and post-forming bumps heating de- 
vice of Fig. 22; 

Fig. 24 is a diagram for explaining operations of the 
preheat device and post-fomiing bumps heating de- 
vice of Fig. 22; 35 
Fig. 25 is a perspective view of an aluminum plate 
and a heater plate frame of the preheat device and 
post-fomning bumps heating device of Fig. 22; 
Fig. 26 is a perspective view of the aluminum plate 
and the plate heater frame of the preheat device ^ 
and post-forming bumps heating device of Fig. 22; 
Fig. 27 is a flow chart of operations of the bump 
fonning apparatus in Fig. 1 ; 
Fig. 28 is a diagram explanatory of operation in step 
2 In Fig. 27 showing a state that the wafer is being ^ 
moved up by the carry-in device; 
Fig. 29 Is a diagram explanatory of the operation in 
step 2 in Fig. 27 showing a state immediately before 
the wafer is held by a carry-in side transfer device; 
Fig. 30 is a diagram explanatory of the operation in so 
step 2 in Fig. 27 showing a state immediately after 
the wafer is held by the carry-in side transfer device; 
Fig. 31 is a diagram explanatory of the operation in 
step 2 in Fig. 27 showing a state that the wafer is 
held by the carry-in side transfer device; 55 
Fig. 32 is a flow chart explanatory of operation in 
step 3 of Fig. 27 in a case where a plate h ater 
frame and the aluminum plate are separated from 



achoth r; 

Fig. 33 is a diagram explanatory of the operation in 
step 3 of Fig. 27 showing a state that a wafer befor 
forming bumps is transferred to above the preheat 
device; 

Fig. 34 is a diagram explanatory of the operation in 
step 3 of Fig. 27 showing a state that the wafer be- 
fore forming bumps is placed on the aluminum 
plate; 

Fig. 35 is a diagram explanatory of the operation in 
step 3 of Fig. 27 showing a state that holding of the 
wafer before forming bumps by the wafer holding 
part is released; 

Fig. 36 is a diagram explanatory of the operation in 
step 3 of Fig. 27 showing a state that the aluminum 
plate having the wafer before forming bumps load- 
ed is moved down; 

Fig. 37 is a flow chart explanatory of the operation 
in step 3 of Fig. 27 in a case where the plate heater 
frame and aluminum plate are not separated from 
each other; 

Fig. 38 is a diagram explanatory of operation in step 

4 of Fig. 27, specifically, a diagram of a temperature 
rise control in preheating; 

Fig. 39 is a diagram of a modified example of the 
temperature rise control in preheating; 
Fig. 40 Is a flow chart explanatory of a transfer op- 
eration from the preheat device to the bump bond- 
ing unit in step 5 in Fig. 27 in a case where the plate 
heater frame and the aluminum plate are separated 
from each other; 

Fig. 41 is a flow chart explanatory of a transfer op- 
eration from the preheat device to the bump bond- 
ing unit in step 5 in Fig. 27 in a case where the plate 
heater frame and the aluminum plate are not sepa- 
rated from each other; 

Fig. 42 is a flow chart explanatory of a warpage cor- 
rection carried out by blowing a hot air when the wa- 
fer before forming bumps is transfen^ed to the bump 
bonding stage In step 5 of Fig. 27; 
Fig. 43 is a flow chart explanatory of a warpage cor- 
rection cam'ed out without blowing the hot air when 
the wafer before forming bumps is transferred to the 
bump bonding stage In step 5 of Fig. 27; 
Fig. 44 is a graph of a temperature rise by the tem- 
perature rise control in preheating; 
Fig. 45 is a diagram explanatory of operation In step 

5 of Fig. 27 showing a state that the wafer before 
fonning bumps is arranged above the bonding 
stage; 

Fig. 46 is a diagram explanatory of operation in step 
5 of Fig. 27 showing a state immediately before the 
wafer is held by the bonding stage; 
Fig. 47 is a diagram explanatory of operation in step 
5 of Fig. 27 showing a state that the wafer is held 
on the bonding stag and then the carry-in side 
transfer device releases the holding of th wafer; 
Rg. 48 is a diagram explanatory of operation in step 



^HjSPftGE BLANK 



13 EP 1202 336 A1 14 



5 of Fig. 27 showing a state that the wafer is held 
at the bonding stage; 

Fig. 49 is a graph of a decrease in temperatur by 
a decrease in temperatur control in post-forming 
bumps heating; 5 
Fig. 50 is a flow chart explanatory of the post*form* 
ing bumps heating; 

Fig. 51 is a flow chart of operation of heating the 
wafer holding part when the post-fomning bumps 
heating starts; io 
Fig. 52 is a graph of a decrease in temperature pat- 
tern in the post-forming bumps heating; 
Fig. 53 is a flow chart explanatory of the post-fonn- 
ing bumps heating; 

Fig. 54 is a flow chart explanatory of the post-fomn- is 
Ing bumps heating; 

Fig. 55 is a flow chart of operation of carrying out a 
wafer with fomried bumps from the post-forming 
bumps heating device after the post-forming bumps 
heating; 20 
Fig. 56 is a diagram explanatory of operation in step 
8 of Fig. 27 showing a state that the wafer with 
fomried bumps held by the carry-out side transfer 
device is disposed above the cany-out device; 
Fig. 57 is a diagram explanatory of operation In step 25 
8 of Fig. 27 showing a state that a holding part of 
the carry-out device is brought in contact with the 
wafer with fomied bumps; 
Fig. 58 is a diagram explanatory of operation in step 
8 of Fig. 27 showing a state immediately after the 30 
holding of the wafer k>y the carry-out side transfer 
device is released; 

Fig. 59 Is a diagram explanatory of operation in step 
8 of Fig. 27 showing a state immediately before the 
wafer with formed bumps held by the holding part 35 
of the cany-out device is placed to a holding stage; 
Fig. 60 is a diagram explanatory of operation in step 
8 of Fig. 27 showing a state that the wafer with 
fomned bumps is placed on the holding stage; 
Fig. 61 is a diagram showing a state in which an ion 
generator acts ions to the wafer with f onned bumps 
when the wafer is moved from the carry-out side 
transfer device to the cany-out device in Fig. 1 ; 
Fig. 62 is a perspective view of a modified example 
of the bump fomnlng apparatus of Fig, 1 ; 45 
Fig. 63 is a flow chart explanatory of blowing oper- 
ation for charge removal which is carried out by the 
bump forming apparatus of Fig. 62; 
Fig. 64 is a plan view of a sub plate attached to the 
wafer before forming bumps; so 
Fig. 65 is a diagram of a modified example of the 
contact member for charge removal; 
Fig. 66 is a diagram of a modified example of the 
carry-in side transfer device and carry-out side 
transfer device shown in Figs. 1 and 2; ss 
Fig. 67 is a diagram of a modified exampi of the 
contact menrtber for charge removal; 
Fig. 68 is a diagram of a state where a contact face 



toacharg appearanc semiconductor substrate in 
each of the preheat device, post-forming bumps 
heating device and bonding stage of Figs. 1 and 2 
is provided with silver plating; 
Fig. 69 is a plan view of the charge appearanc 
semiconductor sutistrate having a region for charge 
removal fomned; 

Fig. 70 is a diagram of a modified example of the 
region for charge removal of Fig. 69; 
Fig. 71 is a perspective view showing in detail a 
structure of essential parts of a bump fonning ap- 
paratus as a modified example of the bump fonning 
apparatus of Fig. 1 ; 

Fig. 72 is a perspective view showing in detail the 
constitution of a preheat device and a post-forming 
bumps heating device in Fig. 71 ; 
Fig. 73 is a sectional view showing the constitution 
of the preheat device and post-fomning bumps heat- 
ing device of Fig. 71 ; 

Fig. 74 is a graph of a relationship of a flow of op- 
erations in the bump forming apparatus in Fig. 71 , 
a temperature change of the wafer and an amount 
of charge of the wafer; 

Fig. 75 is a flow chart of the preheating in Fig. 27; 
Fig. 76 is a flow chart of a temperature rise control 
shown in Fig. 75; 

Fig. 77 is a graph of a temperature rise in the tem- 
perature rise control of Fig. 76; 
Fig. 78 Is a diagram showing a structure for meas- 
uring the amount of charge of the wafer in the pre- 
heating and post-fonming bumps heating by an 
electrostatic sensor; 

Fig. 79 is a flow chart of the post-fomning bumps 
heating in Fig. 27; 

Rg. 80 is a flow chart of a decrease in temperature 
control in Fig. 79; 

Fig. 81 is a graph of a decrease in temperature in 
the decrease in temperature control in Fig. 80; 
Fig. 82 is a diagram of a state in which the ion gen- 
erator acts ions to the wafer with formed bumps in 
the post-fomning bumps heating in Fig. 27; 
Fig. 83 is a diagram of a state In which the ion gen- 
erator acts ions to the wafer before fonning bumps 
in the preheating in Fig. 27; 
Fig. 84 Is a flow chart explanatory of the blowing 
operation for charge removal which is executed by 
the bump fomning apparatus of Fig. 62; 
Fig. 85 is a perspective view of a structure of a SAW 
filter; 

Fig. 86 is a diagram of damage at a comb-toothed 
circuit part of the SAW filter; 
Fig. 87 is a diagram explanatory of a state where 
front and rear faces of a piezoelectric substrate wa- 
fer are charged; and 

Fig. 88 is a plan view of a state in which bumps are 
fomned to circuit electrod parts. 
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Best Mode for Carrying Out the Inv ntion 

[0050] A bump forming apparatus, a method carried 
out by the bump forming apparatus for removing charge 
of charge appearance semiconductor substrates, a s 
charge removing unit installed to the bump forming ap- 
paratus for removing charge of the charge appearance 
semiconductor substrates, and a charge appearance 
semiconductor substrate which are embodiments of the 
present invention will be described with reference to the 
drawings. It is to be noted that like parts are designated 
by nice reference numerals throughout the drawings. 
[0051] A bump fomiing apparatus 101 according to 
the embodiment shown in Figs. 1 and 2 is appropriate 
to process a wafer-shaped piezoelectric substrate (re- 
ferred to as a "piezoelectric substrate wafer", hereinaf- 
ter) for forming the SAW filter mentioned before, and will 
be described below by way of example to form bumps 
to the piezoelectric substrate wafer. However, objects to 
be processed by the apparatus are not limited to the pi- 
ezoelectric substrate wafer. In other words, the bump 
forming apparatus 1 01 of the embodiment is applicable 
to compound semiconductor wafers such as, e.g., 
UTa03, LiNbOQ and the like corresponding to charge 
appearance type semiconductor substrates which gen- 
erate electric charge in consequence of a temperature 
change (refen^ed to simply as "charge appearance sem- 
iconductor substrates" below), and quartz semiconduc- 
tor wafers with a quartz substrate, etc. The apparatus is 
also applicable to Si semiconductor wafers with a Si 
sulistrate, in whteh case the wafer when bumps are 
formed thereto is heated to a temperature of approxi- 
mately 250-270''C as discussed eariier. 
[0052] The bump fomiing apparatus 101 has a first 
storage container 205 for storing in layers piezoelectric 
suk>strate wafers 201 before bumps are fomied, and a 
second storage container 206 for storing In layers pie- 
zoelectric substrate wafers 202 after bumps are formed, 
that is, the bump fomiing apparatus is a double maga- 
zine type. However, the apparatus is not limited to the 
type and can be constructed in a single magazine type 
having both of the wafers 201 and 202 stored In one 
storage container. 

[0053] A bonding stage 110, a preheat device 160, 
and a post-fomning bunrps heating device 1 70 whk:h will 
be described below correspond to a heating/cooling ap- 
paratus, and the post-fomning bumps heating device 
170 Is an example functioning as a cooling device. 
[0054] The heating/cooling apparatus and a controller 
1 80 to be described later constitute the charge removing 
unit. 

[0055] The bump fonming apparatus 101 roughly 
comprises one bonding stage 110, one bump fonning 
head 120, a carry unit 130, a transfer device 140 pro- 
vided with each of a carry-in side and a carry-out side, 
a lifting device 150 provided with ach of the storage 
containers 205, 206 for moving th storag contain rs 
205, 206 up and down, the preheat device 1 60, the post- 



fomilng bumps heating device 170, and the controll r 
180. As will be depicted in the following description of 
the structur and operation of th bump fomiing appa- 
ratus 101, the bump fomiing apparatus 101 is greatly 
differ nt from the conventional bump fomning appara- 
tus, specifically, in a structure and an operation de- 
signed for eliminating electric charge generated to a 
front and a rear faces of the piezoelectric substrate wa- 
fer 201 before forming bumps and the piezoelectric sub- 
strate wafer 202 after bumps are fomned because of a 
temperature change between a bump bonding temper- 
ature necessary for forming bumps and a room temper- 
ature, and in a stmcture and an operation designed for 
preventing damage to the piezoelectric substrate wafer 
201 before forming bumps and to the piezoelectric sub- 
strate wafer 202 after bumps are fomied when the pie- 
zoelectrk: substrate wafer 201 Is moved to the preheat 
devk;e 1 60 and from the preheat device 1 60 to the bond- 
ing stage 1 1 0, and when the piezoelectric substrate wa- 
fer 202 is moved from the bonding stage 1 1 0 to the post- 
fomning bumps heating device 170. Since the bump 
forming apparatus 101 is an apparatus for fomiing 
bumps, a most fundamental part constituting the appa- 
ratus is the bonding stage 110 and the bump fomiing 
head 120. 

[0056] Each of the constituting parts mentioned 
above will be described below. 

[0057] In the bonding stage 110, the piezoelectric 
substrate wafer 201 before bumps are fomned thereto 
(referred to simply as a "preforming bumps wafer") is 
placed on the bonding stage 110. The bonding stage 
110 heats the pre-fomiing bumps wafer 201 to the bump 
bonding temperature necessary for forming bumps onto 
electrodes of circuits formed on the pre-fomning bumps 
wafer 201 . The bump bonding temperature necessary 
for fonning bumps Is a temperature necessary to join 
the electrodes and bumps by a design strength, which 
is set in accordance with the design strength and a ma- 
terial of the wafer and substrate to which bumps are to 
be formed. The bump bonding temperature In the 
present embodiment Is approximately 210**C. 
[0058] A wafer laying stage 1 1 1 of the bonding stage 
1 1 0 to which the pre-forming bumps wafer 201 Is loaded 
has, as indicated in Fig. 11 , openings 11 Stormed to suck 
the pre-fomning bumps wafer 201 and to jet a gas. To 
the openings 113 are connected a suction devk:e 114 
and a blower 115 as an example functioning as a gas 
supply devbe which are controlled by the controller 1 80. 
The gas is the air in the embodiment. The wafer laying 
stage 111 of the bonding stage 110 can be moved up 
and down by the lifting device between a heating posi- 
tion where the wafer laying stage is kept in contact with 
a heater 112 and a load position where the charge ap- 
pearance semiconductor substrate is loaded. A contact 
face of the wafer laying stage 111 to the pre-forming 
bumps waf r 201 has a metal plating as shown In Fig. 
68, specifically, silver plating 261 in th mbodiment. 
Because of the sliver plating, a heat conductivity be- 
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tween the waf r laying stage 111 and th pre-fonning 
bumps wafer 201 is improved and an effect of removing 
charge from the pre-fomning bumps waf r 201 is en- 
hanced. 

[0059] The bump fontiing head 120 is a devic for 
forming bumps to electrodes of the pre-forming bumps 
wafer 201 laid to the bonding stage 110 and heated to 
the bump bonding temperature. The bump fomning head 
includes a wire supply part 1 21 for supplying a gold wire 
as a material for the bumps, a bump fomning part for 
melting the gold wire to form balls and pressing the mol- 
ten balls to the electrodes, an ultrasonic wave generator 
part for acting an ultrasonic wave to the bump when the 
molten balls are pressed to the electrodes, and the like. 
The thus-constituted bump fomiing head 120 is placed 
on an X, Y-table 122 having, e.g., a ball screw structure 
movable in X, Y-directions orthogonal to each other on 
a plane, and is moved in the X, Y-directions by the X, Y- 
table 1 22 so that bumps can be fomied to the electrodes 
of the fixed pre-f orming bumps wafer 201 . 
[0060] The bump fomning apparatus 101 is provided 
with the carry unit 130 by two types. One is a carry-in 
device 131 for taking out the pre-f omrilng bumps wafer 
201 from the first storage container 205. The other is a 
carry-out devtee 132 for transfening the piezoelectric 
substrate wafer after bumps are formed (referred to sim- 
ply as a "wafer with fonned bumps") 202 to the second 
storage container 206 and stores the substrate in the 
container. As shown in Fig. 3, the carry-In device 131 
has a holding stage 1311 for holding the pre-fonming 
bumps wafer 201 by suction, and a moving device 1 31 2 
for cany-in device for moving the holding stage 1311 in 
parallel to the X direction. A driving part 1313 included 
in the moving devk^ 1312 is connected to and control- 
led In operation by the controller 1 80. The holding stage 
1311 is moved along the X direction by driving the driv- 
ing part 1313, whereby the pre-forming bumps wafer 
201 is taken out from the first storage container 205. 
[0061] The cany-out device 132 has the same struc- 
ture as the carry-in device 1 31 and operates in the same 
manner, and therefore will be described briefly. As 
shown in Fig. 56, the carry-out device 132 has a holding 
stage 1321 for holding the wafer with formed bumps 202 
which is executed by suction in the embodiment, a mov- 
ing device 1 322 for carry-out device for moving the hold- 
ing stage 1 321 along the X direction and storing the wa- 
fer with fomied bumps 202 Into the second storage con- 
tainer 206, a holding part 1323 which sucks to a rear 
face 202b of the wafer with formed bumps 202 thereby 
holding the wafer with fomied bumps 202, and a driving 
part 1324 arranged below the holding stage 1321 for 
moving the holding part 1323 in a thickness direction of 
the wafer with formed bumps 202 held to the holding 
stage 1321. The moving device 1322 and the driving 
part 1324 are controlled in operation by the controller 
180. 

[0062] At a setting point where the carry-in device 1 31 
Is disposed is installed an orientation flat registration de- 



vice 133 for orientating Into a predetennin d direction 
an orientation flat of the pre-fomriing bumps wafer 201 
taken out by the cany-in d vte 131 from the first stor- 
age container 205. As shown in Fig. 4, the orientation 

5 flat reglstratton devtoe 133 has catching plates 1331 
which are moved in the Y direction by a driving part 1 332 
to hold the pre-f omning bumps wafer 201 therebetween, 
a holding part 1333 which can move in a thickness di- 
rection of the pre-fomriing bumps wafer 201 , can hold 

10 the pre-fomiing bumps wafer 201 and can rotate in a 
circumferential direction of the pre-fomriing bumps wafer 
201 so as to orientate the orientation flat of the held pre- 
forming bumps wafer 201 , and a driving part 1334 for 
the holding part 1333. The driving parts 1332 and 1334 

IS are controlled by the controller 1 80 In operation. 

[0063] The transfer devfce 140 of the bump fomning 
apparatus 101 is comprised of a carry-in side transfer 
devbe 1 41 and a carry-out side transfer devk:e 1 42. The 
cany-in side transfer device 141 holds the pre-fonming 

^ bumps wafer 201 held to the holding stage 1311 of the 
cany-ln device 131, transfers the pre-fomiing bumps 
wafer to the preheat device 160 and transfers the pre- 
forming bumps wafer from the preheat device 1 60 to the 
bonding stage 110. The carry-out side transfer devk:e 

25 1 42 holds the wafer with fomned bumps 202 held on the 
bonding stage 110, transfers the wafer with formed 
bumps to the post-forming bumps heating device 1 70 
and transfers the wafer with formed bumps from the 
post-forming bumps heating device 170 to the holding 

30 stage 1 321 of the carry-out device 1 32. The carry-in side 
transfer devtoe 141 includes, as indicated in Fig. 2, a 
wafer holding part 1411 for holding the pre-forming 
bumps wafer 201 and eliminating charge from front and 
rear faces of the pre-fomnlng bumps wafer 201 , a driving 

35 part 1412 equipped with an air cylinder In the embodi- 
ment for driving the wafer holding part 1411 to hold the 
pre-fomnlng bumps wafer, and a moving device 1413 
constituted of a ball screw mechanism in the embodi- 
ment for moving the whole of th e wafer holdl ng part 1411 

^ and the driving part 1 41 2 in the X direction. The driving 
part 1412 and the moving devk:e 1413 are connected 
to the controller 1 80 and controlled in operation by the 
controller. 

[0064] The carry-out side transfer device 142 in- 
45 eludes, similar to the carry-In side transfer device 141 , 
a wafer holding part 1421, a driving part 1422 and a 
moving devtoe 1 423. The driving part 1 422 and the mov- 
ing device 1423 are controlled in operation by the con- 
troller 180. 

50 [0065] The wafer holding parts 1 41 1 and 1 421 will be 
described. As shown in Fig. 5, the wafer holding part 
1411 has a first holding member 1414 and a second 
holding member 1415 which can be moved by the driv- 
ing -part 1 412 in the X direction, and a member 1 41 6 for 

55 charge removal which is arranged between the first and 
second holding members. These members ar ar- 
ranged In parallel to each other. The first holding me^r^ 
ber 1414, the second holding member 1415 and the 
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member 1 41 6 for charg removal are all formed of Iron 
or the other conductiv material. Similar to the wafer 
holding part 1 411 , the wafer holding part 1 42 1 has a first 
holding member 1424, a second holding member 1425, 
and a member 1426 for charge renrK)val which Is held s 
between the first and second holding members. The first 
holding member 1424, the second holding member 
1425 and the member 1426 for charge removal which 
are arranged In parallel to each other are fomned of iron 
or the other conductive material. Since the wafer holding io 
parts 1411 and 1 421 are constructed in the same struc- 
ture, the wafer holding part 1411 will be described rep- 
resentatively. 

[0066] Each of the first holding member 1414 and the 
second holding member 1 41 5 has two L-shaped holding is 
hooks 1417 for holding the pre-fomning bumps wafer 

201 as indicated in the drawings. The holding hooks 
1 41 7 are formed of the same material as the first holding 
member 1414 and the second holding member 1415, i. 

e., iron, or a conductive resin. Preferably a conductive 20 
resin film 14171 as a buffering material Is attached to a 
part of the holding hook In direct contact with the pre- 
forming bumps wafer 201 as shown in Fig. 6. Fomiing 
the first holding member 1 41 4, second holding member 
1415 and holding hooks 1417 of iron or the conductive 25 
material is to enable charge of the rear face 201 b of the 
held pre-forming bumps wafer 201 to be earthed. 
[0067] On the other hand, as shown In Fig. 66, a hold- 
ing hook 14172 corresponding to the above holding 
hook 1 41 7 can be formed of a heat insulating member, so 
e.g., Vespel, trade name by Du Pont, so that a temper- 
ature change at the wafer holding parts 1 41 1 and 1 421 
can be reduced, thereby avoiding a temperature change 
In the pre-fomning bumps wafer 201 and the wafer with 
fomrted bumps 202 to be described later. The pre-form- 3S 
ing bumps wafer 201 and the wafer with formed bumps 

202 can accordingly be kept from damage such as 
cracks or the like. In the structure shown in Fig. 66, a 
conductive material 1 41 73 is attached to a contact part 
between the pre-fomning bumps wafer 201 , wafer with ^ 
fomned bumps 202, and the holding hook 1 41 72 to earth 
charge of the pre-forming bumps wafer 201 and wafer 
with formed bumps 202 to the first holding member 1 41 4 
and the second holding member 1415. Outer faces of 
the first holding member 1414, second holding member ^ 
1415, etc. of the wafer holding parts 1 411 and 1 421 are 
coated with an insulating material 14174 as will be de- 
scribed hereinbelow. 

[0068] In order to more efficiently remove electric 
charge from the pre-fonning bumps wafer 201 and the so 
wafer with fomned bumps 202 to be described later, an 
ion generator 190 is preferably provided as will be dis- 
cussed later. When the ton generator 1 90 is provided, 
however, it would be feared that ions generated from the 
ion generator 1 90 are earthed to the first holding mem- ss 
b r 1414, second holding member 1415 and holding 
hooks 1417 formed of iron or conductive material, and 
consequently fall to effectively act to the pre-forming 



20 

bumps wafer 201 and wafer with fomned bumps 202. 
Therefore, for preventing the ions from being earthed 
and for letting the ions effectively act to the pre-forming 
bumps wafer 201 and wafer with fomned bumps 202, at 
least parts where the ions generated from the ion gen- 
erator 1 90 are to act, preferably entire outer faces of the 
first holding member 1414, the second holding member 
1415 and the holding hooks 1417 are coated with the 
insulating material as shown in Fig. 66. 
[0069] The member 1 41 6 f orcharge removal has con- 
tact members 14161 for charge removal arranged pro- 
jecting in the thickness direction of the pre-fomning 
bumps wafer 201 at two points in a diametrical direction 
of the wafer 201 according to the embodiment. The con- 
tact members for charge removal can be in contact with 
a circumferential part 201 c of the front face 201 a of the 
pre-fomiing bumps wafer 201 held by the wafer holding 
part 1411. As shown in Fig. 7, the contact member 
14161 for charge removal is attached penetrating slid- 
ably to the member 1416 and urged by a spring 14162 
In an axial direction thereof. A conductive resin 14163 
as a buffering material is attached to a wafer contact 
end part of the contact member 1 41 61 . 
[0070] The contact member 14161 earths charge 
charged to the front face 201 a when the conductive res- 
in 14163 comes in contact with the front face 201a of 
the pre-fomiing bumps wafer 201 . In a state before the 
pre-fomning bumps wafer 201 is held by the holding 
hooks 141 7, the contact members 141 61 project in the 
thickness direction of the pre-fomning bumps wafer 201 
to an equal level to the holding hooks 1 41 7 or to exceed 
the holding hooks 1 41 7. Owing to this arrangement, the 
contact members 14161 can contact the front face 201 a 
of the pre-forming bumps wafer 201 before the holding 
hooks 1417 contact the pre-forming bumps wafer 201 
when the wafer holding part 1411 comes to hold the pre- 
forming bumps wafer 201 . Charge of the front face 201 a 
can be removed first in this manner. 
[0071] The contact members 14161 may be directly 
connected to an earth wire. Also, the constitution is not 
limited to the above wherein the contact members 
1 41 61 are attached to the member 1 41 6 for charge re- 
moval. For example as shown in Fig. 8, leaf springs 
1 41 64 which are formed of a metal or conductive mate- 
rial and can contact to the front face 201a may be at- 
tached to the first holding member 1 41 4 and the second 
holding member 1415 having the holding hooks 1417. 
[0072] On the other hand, as shown in Fig. 9, the wa- 
fer 201 , 202 of a kind is provided with an aluminum film 
203 all over the circumferential part 201c of the front 
face 201a to which the contact members 14161 come 
in contact, so that the charge of the front face 201 a can 
be efficiently removed. According to this kind of the wa- 
fer, charge of the front face 201 a can be effectively elim- 
inated through contact of the contact members 1 41 61 
to th aluminum film 203. As shown in Fig. 1 0, the con- 
tact memb rs 1 41 61 may be an^anged to three or mor 
points of the circumferential part 201c. For removing 
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charge also from a central portion of th waf r, as in Fig. 
1 0, a dummy cell 1 41 65 which will not malfunction even 
by contact with the contact member 14161 may be 
fomned to the central portion of the wafer, with the con- 
tact member 14161 being disposed to a position corre- 
sponding to the dummy cell 1 41 65. Charge collected to 
the dummy cell 14165 can thus be efficiently removed. 
The above-described contact members 14161 can be 
increased in number or in contact area to improve a 
charge removal efficiency. 

[0073] Moreover, as shown in Fig. 69, the dummy cell 
141 65 of a conductor which con^esponds to a region for 
charge removal may be connected to a dicing line 212 
provided to divide circuit-formed parts 211 having, e.g., 
SAW filters from the wafer. The dicing lines 212 extend 
up to the aluminum film 203. Since generated charge 
gather to the front face 201 a of the wafer, when the con- 
tact members 1 41 61 come In contact with the aluminum 
film 203 in the above constitution, charge on the dummy 
cell 14165 alike are removed through the dicing lines 
21 2 and the aluminum film 203. The charge on the front 
face 201a can be effectively eliminated. Needless to 
say, the charge of the front face 201 a may be removed 
by bringing the contact member 1 41 61 in direct contact 
with the dummy cell 1 41 65 as described before. 
[0074] In either structure of Figs. 1 0 and 69, a position 
where the dummy cell 1 41 65 Is to be fomned on the wa- 
fer can be determined to meet the contact member 
14161 as above, and is not limited to this. For instance, 
the dummy cell 14165 can be fomned to a position on 
the wafer which is easy to damage by pyroelectric 
breakdown or the like. This structure is effective from 
view points of a charge removal effect and a yield. In 
this case, the contact member 14161 is arranged to 
meet the dummy cell 14165 fomned to the position sub- 
ject to the damage. 

[0075] Although the dummy cell 1 41 65 is fonned In a 
square shape of a size occupying an almost one circult- 
fomied part 211 in the structure of Fig. 69, an area of 
the dummy cell 1 41 65 Is not limited to this. Furthemnore, 
the shape of the dummy cell 14165 Is not restricted to 
the above square and can be, e.g., like a frame to sur- 
round one circurt-fomied part 211 as represented by a 
dummy cell 14165-1 of Fig. 70. 
[0076] A method for removing charge of the front face 
201a Is not limited to by the contact of the above-de- 
scribed contact members 14161 , and for example, the 
ion generator 1 90 can be used in place of the contact 
members 14161 or can be used together with the con- 
tact members 14161. 

[0077] In the arrangement of Fig. 69, the dummy cell 
14165 is fomned and connected to the dicing line 212. 
IHowever, the dummy cell 141 65 may be eliminated and 
simply the dicing line 212 may be provided extending to 
the aluminum film 203. Although the efficiency and ef- 
fect of r moving charge decreas In comparison with 
the structure including the dumnny cell 14165 as men- 
tioned above, even the stmcture without the dummy cell 
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can remov charge from the aluminum film 203 through 
the dicing line 21 2, so that charge of the front face 201 a 
can b removed. 

[0078] Depending on charge appearance semicon- 

5 ductor substrates to be processed, .g., compound 
semiconductor wafers of LfTaOs, LiNbOg or the like, 
some of the substrates warp as shown in Fig. 12 be- 
cause of a temperature difference affected thereto 
which will be discussed later in the description of the 

10 operation. An amount of the warpage, namely, a size I 
In Fig. 12 is 1-1 .5mm in the LiTaOa wafer having a thick- 
ness of 0.35mm and a diameter of 76mm, and is 
1 .5-2mm in the LINbOa wafer of the same dimensions. 
[0079] The contact members 14161 are arranged to 

IS meet the circumferential edge portions which deflect 
large in the charge appearance semiconductor sub- 
strate. As shown in Fig. 7, the contact members 14161 
attached to the member 1416 in the earlier described 
structure can move only in the axial direction thereof, 

20 and cannot oscil late following the warpage of the charge 
appearance semiconductor substrate, that is, cannot tilt 
to be almost orthogonal to the warped face. As a result, 
when the contact members 141 61 come in contact with 
the warped charge appearance semiconductor sub- 

25 strate, an unnecessaryforcepossibly acts to the warped 
charge appearance semk:onductor substrate from the 
contact members 1 41 61 which extend and are movable 
in the thickness direction of the charge appearance 
semiconductor substrate of a state having no warpage, 

30 thereby possibly bringing about a crack, break or the like 
damage to the warped charge appearance semiconduc- 
tor substrate. As such, a structure for attaching the con- 
tact members 14161 to the member 1416 and parts re- 
lated to the attaching are preferably designed as shown 

35 In Rgs. 1 3-21 and 65 which will be described hereinbe- 
low. The reference numeral of the member "1416" will 
still be used for the sake of convenience of description 
although, strictly speaking, the reference number 
should be changed because the member 1416 Is also 

40 changed In structure subsequent to the change In the 
attaching structure and related parts. 
[0080] According to a modification of the structure of 
the contact member for charge removal shown in Fig. 
1 3, a conical hole 1 41 66 is formed to the member 1 41 6, 

^ and a contact member 1 41 00 for charge removal whk:h 
is fomned of a conductive rod material of, e.g., a metal 
having a diameter of approximately 1 .5-2mm is inserted 
to the hole 141 66 and urged in an axial direction thereof 
by the spring 1 41 62. A force of the urging in the embod- 

50 iment Is set to be approximately 49x1 0'3-9Bx1 0^^ N per 
one contact member 14100. A comer portion 14101 at 
one end of the contact member 14100 to be in contact 
with the charge appearance semiconductor substrate 
may be, for example, chamfered or shaped to an arc so 

55 as to facilitate oscillation of the contact member 1 41 00 
In a direction of an anrow 14110 In accordance with a 
curvature of th warped charge appearance s mkx)n- 
ductor substrate. Alternatively a conductive ball 14105 
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having a diameter of, .g., approximately 5mm and 
fonned of, e.g., a metal as shown in Fig. 14, or a cylinder 
14106 as shown in Rg. 21 may be attached to one end 
of th contact member 141 00, or the one end may be 
shaped to a hemisphere as Indicated In Fig. 65. Th con- 
tact member 141 00 swings in the above an^ow direction 
14110 In a manner so that a plane including a locus of 
the swinging contact member 14100 becomes parallel 
to a diametrical direction of the charge appearance sem- 
iconductor substrate. When the cylinder 14106 is to be 
attached, the cylinder 14106 is disposed with an axial 
direction thereof kept parallel to a direction which is or- 
thogonal to the diametrical direction and the thickness 
direction of the charge appearance semiconductor sub- 
strate. An earth wire 14109 Is direct connected to the 
other end of the contact member 1 41 00 in the structure 
of the embodiment 

[0081 ] Since the above structure enables the contact 
member 14100 to swing about a small diameter part of 
the conk:al hole 1 41 66, the contact member 1 41 00 can 
swing in the arrow direction 14110 in accordance with 
the cun^ature of the warped charge appearance semi- 
conductor substrate, thereby preventing the charge ap- 
pearance semiconductor substrate from the damage. 
[0082] Another modification can adopt a structure of 
Fig. 14, wherein two rollers 14103 arranged via an ap- 
propriate interval Inside a mounting hole 1 41 02 are at- 
tached by pins 141 04 rotatably to the member 1 41 6. A 
contact member 14107 for charge removal is installed 
to be able to swing in the an^ow direction 14110 by the 
two rollers 14103. The contact member 141 07 has a roll- 
er 1 41 08 supported rotatably to the other end part there- 
of as shown in Fig. 16, with the ball 14105 attached to 
one end of the contact member 14107. The contact 
member 14107 Is urged in the axial direction thereof by 
the spring 14162 and attached to the member 1416. 
Since the roller 14108 of the contact member 14107 Is 
supported rotatably from both sides by the two rollers 
1 41 03 of the member 1 41 6, the contact member 1 41 07 
can swing in the an^ow direction 1 411 0, and the charge 
appearance semiconductor substrate can be prevented 
from the damage. 

[0083] The structure can be still modified as shown in 
Fig. 1 7. A structure of Fig. 1 7 is developed from the 
structure of Fig. 14, in whk:h four rollers 14111 are ar- 
ranged in a cross shape rotatably to the member 1 41 6, 
while a contact member 14113 for charge removal with 
a ball 14112 fitted to the other end is mounted to the 
member 1416 so that the ball 14112 is positioned to a 
center part of the four rollers 14111. The ball 14112 is 
urged tyy the spring 1 41 62 to the fou r rollers 1 41 1 1 . The 
earth wire can be connected to the ball 1 41 1 2 In a state 
as indicated in Fig. 20 or can be connected to the mem- 
ber 1416. By adopting this structure, the contact mem- 
ber 1 41 1 3 can smoothly rotate not only in the above ar- 
row direction 14110, but in a direction of an anrow 14114 
orthogonal to the arrow direction 14110. Damaging th 
charge appearance semiconductor substrate can be 
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prevented accordingly. 

[0084] Yet further modifications are adoptable as in 
Figs. 18-20. In these structures, the conical hole 14166 
is formed to the member 1416, while a member 1411 6 

5 for charge removal including a ball 14115 attached to 
the other end thereof is mounted to the member 1416 
with the ball 14115 being supported rotatably to the hole 
14166. The ball 14115 is urged by the spring 14162 to 
a wall face of the hole 14166. In addition, a receiving 

10 charge member 14117 having an earth wire 14119 con- 
nected to the member 1 41 6 is pressed by a spring 14118 
to the ball 14115. Therefore, the charge of the charge 
appearance semiconductor substrate run through the 
contact member 14116, the receiving charge member 

IS 1 41 1 7 and the earth wire 1 41 1 9 to the earth wire 1 41 09 
connected to the member 1 41 6. The structure allows the 
contact member 14116 to rotate In any direction in the 
mounting state of Fig. 18, thus being able to prevent the 
damage to the charge appearance semiconductor sub- 

20 strata. 

[0085] Using a contact member 1 41 20 for charge re- 
moval without the spring 141 62 as shown in Fig. 19 may 
be devised as a modified example of the attaching stmc- 
ture of Fig. 18. In this case, the following effect is ob- 

25 talned in addition to a cost reduction and facilitation of 
the attaching as compared with the structure of Fig. 18. 
That is, the contact member can be brought in contact 
with the charge appearance semiconductor substrate 
by a minute force of, for instance, approximately 

30 19.6x10-3 N because of a weight of the ball 14105. 
Therefore, even a thin charge appearance semk^onduc- 
tor substrate, e.g., about 0.1mm thick charge appear- 
ance semiconductor substrate can be prevented from 
breaking or the other damage. 

35 [0086] A contact member 14121 for charge removal 
shown in Fig. 20 is also adoptable, wherein the receiving 
charge member 14117 and the spring 14118 are elimi- 
nated and the earth wire 14109 is directly connected to 
the ball 14115. In this case, the number of parts is re- 

40 duced and the structure is simplified in comparison with 
the structure shown In Fig. 18, and accordingly costs 
can be reduced. 

[0087] A structure of Fig. 65 can be employed as a 
yet modification. Although the contact member for 

45 charge removal is constituted to be swingable in the 
structures of Figs. 13-20, a contact member 14122 for 
charge removal of Fig. 65 has a linear guide bearing 
1 41 23 mounted to a support part for the contact member 
14122 of the member 1416. According to the structure 

50 shown In Fig. 65, the contact member 1 41 22 can move 
more smoothly in the axial direction thereof as com- 
pared with a movement in the axial direction of the con- 
tact member 1 41 61 in the structure of Fig. 7. Therefore, 
although the contact member 14122 is not adapted to 

55 swing in the structure of Fig. 65, the contact member 
14122 smoothly moves in th axial direction thereof 
when one hemispherical end of th contact member 
14122 touches the warped charge appearance semi- 
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conductor substrate, thereby being able to prevent a 
crack or the like damage to the warped charge appear- 
ance sennbonductor substrate. 
[0088] A supporting mennber 1 41 24 having the linear 
guide bearing 14123 fitted thereto in the contact menn- 
ber 14122 can be formed of iron, but is preferably 
fomned of an insulating material such as the aforemen- 
tioned Vespel. For example, the supporting member 
1 4124 fomied of Vespel has approximately 1/84 a ther- 
mal conductivity of the member formed of iron. When 
the supporting member 14124 of the Insulating material 
is used, therefore, the contact member 14122 can pre- 
vent the charge appearance semiconductor substrate 
from being cooled suddenly when the contact member 
14122 comes Into contact with the charge appearance 
semiconductor substrate, thereby being able to prevent 
thermal damage to the charge appearance semicon- 
ductor substrate. 

[0089] As a modif k:ation of the above contact member 
14122, a contact member 14125 for charge removal 
with a weight 14126 in place of the spring 14162 as 
shown in Fig. 67 may be adopted. In the case where the 
spring 14162 is used, a pressing force of the contact 
member to the charge appearance semkx)nductor sub- 
strate changes by a compression amount of the spring 
14162, i.e., by a move amount in the axial direction of 
the contact member. However, when the weight 14126 
is used, a constant pressing force can be effectively ap- 
plied to the charge appearance semteonductor sub- 
strate in^espective of the move amount of the contact 
member. 

[0090] Each of the contact members shown in Figs. 
13, 14, 17, 18 and 20 may also be equipped with the 
weight 14126 in place of the spring 14162. The contact 
member 14120 of Fig. 19 can be equipped with the 
weight 14126 as well. 

[0091 ] The preheat devtee 1 60 Is a device, as shown 
in Figs. 22-24, on which the pre-forming bumps wafer 
201 caught by the wafer holding part 1 41 1 from the car- 
ry-in devk:e 1 31 is placed, and whk:h heats the pre-fonn- 
ing bumps wafer 201 from a room temperature to the 
vicinity of approximately 210*^0 as the bump bonding 
temperature to fomn bumps by the bonding stage 110. 
The preheat device has an aluminum plate 163 of a 
thickness of 6mm in the embodiment as a heat drffuser 
member placed on a plate heater frame 1 62 including a 
plate heater 161 as a heating part. A wafer load face 
163a of the aluminum plate 1 63 is metal plated as shown 
in Fig. 68, specifically silver plated 261 in the embodi- 
ment. Because of the silver plating, a heat conductivity 
between the aluminum plate 163 and the pre-forming 
bumps wafer 201 is improved and a charge removal ef- 
fect for the pre-fomiing bumps wafer 201 is enhanced. 
Operation for raising the temperature by the plate heater 
161 Is controlled by the controller 1 80 with reference to 
t mperatur infomiation from a temperatures nsor166 
such as, .g., a thennocouple or the like which m as- 
ures a temperature of the aluminum plate 163. A mate- 



rial of the heat diff user member 1 63 is not limited to the 
above aluminum and can be such that has a good heat 
conductivity and Is free from a chemical reaction to the 
pre^onning bumps wafer 201 , for instance, duralumin 

5 or the like. 

[0092] According to the present embodiment, neither 
the carry-in side transfer device 141 nor the carry-out 
side transfer device 142 includes a mechanism for mov- 
ing the wafer holding part 1411 and the wafer holding 

10 part 1421 in the thickness direction of the pre-fomiing 
bumps wafer 201 and the wafer with formed bumps 202 
held by the holding parts respectively. Therefore, the 
preheat devtee 160 Is provided with an elevator mech- 
anism for moving both the plate heater frame 162 with 

IS the plate heater 1 61 and the aluminum plate 1 63 In the 
thickness direction between a down position 1 67 of Fig. 
23 and an up position 168 of Fig. 24 to place the pre- 
fomning bumps wafer 201 onto the aluminum plate 1 63. 
The elevator mechanism includes an air cylinder 1601 

^ as a driving source for the up-down movement in the 
thickness direction, a T-shaped supporting member 
1 602 moved up and down by the air cylinder 1 601 and, 
two supporting rods 1603 erecting to the supporting 
member 1 602 for supporting the plate heater frame 1 62 

25 and aluminum plate 1 63. The air cylinder 1 601 is driven 
by a cylinder driving device 1 604 controlled by the con- 
troller 180. In the embodiment, the plate heater frame 

1 62 and the aluminum plate 1 63 are separated through 
the up-down movement by the air cylinder 1601 as will 

30 be described later, thereby promoting cooling the alumi- 
num plate 163. Therefore the cylinder driving device 
1 604 and the air cylinder 1 601 eventually function as a 
separator. 

[0093] The supporting rods 1603 penetrate the plate 
35 heater frame 1 62, with leading end parts of the rods be- 
ing inserted to the aluminum plate 1 63 according to the 
embodioYent as lndk:ated In the drawings. The plate 
heater frame 1 62 can slide in an axial direction of the 
supporting rods 1 603 in a state while the supporting rods 
40 penetrate the plate heater frame. The aluminum plate 

163 Is fixed to the supporting rods 1603 at the leading 
end parts of the supporting rods 1603. Moreover, the 
plate heater frame 162 Is pressed by springs 1605 as 
an example of an urging means to the aluminum plate 

45 1 63. The plate heater frame 1 62 and the aluminum plate 
1 63 move up and down together from the down position 
167 as shown in Fig. 23 when the air cylinder 1601 
drives. After the plate heater frame 1 62 comes into con- 
tact with stoppers 1 606 disposed at a contact position 

so during the upward motion, the upward movement of the 
plate heater frame 1 62 is stopped by the stoppers 1 606 
as shown In Rg. 24, and then only the aluminum plate 
163 moves upward. As a result, the plate heater frame 
162 and the aluminum plate 163 separate from each 

55 other. The aluminum plate 1 63 rises to the up position 
168. In the present embodiment, a gap between the 
plate heater fram 162 and th aluminum plate 163 
when the separatbn is complete is approximately 
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2-4mm. in the downward motion after the separation, 
the alunninum plate 162 atone moves down from the up 
position 168 to the contact position where the stoppers 
1606 are disposed. Then both the plate heater frame 

162 and th aluminum plate 163 move down together 5 
to the down position 1 67 from the contact position. 
[0094] Although it is necessary to lower the tempera- 
ture of the aluminum plate 1 63 to approximately 40**C 
after preheating before a next fresh pre-forming bumps 
wafer 201 is placed on, a cooling speed for the alumi- 
num plate 163 can be improved as compared with the 
conventional art and a cycle time can be shortened be- 
cause the plate heater frame 162 and the aluminum 
plate 163 are rendered separable in the above-de- 
scribed structure. The separation structure which im- 
proves the cooling speed is particularly effective in 
terms of the cycle time at a trial stage before mass pro- 
duction or in a case where bumps are to be formed to 
only a few wafers of the same type. 
[0095] Further the plate heater frame 1 62 and the alu- 
minum plate 1 63 can be united after the aluminum plate 

163 is its temperature decreased, without need of wait- 
ing until the plate heater frame 162 is lowered to the 
above approximately 40**C. A temperature difference at 
the plate heater frame 1 62 becomes smaller than In the 
conventional art. Since a load to the plate heater 1 61 is 
thus reduced, a life of the plate heater 161 can be ex- 
tended in comparison with the conventional art. 
[0096] Although the plate heater frame 162 and alu- 
minum plate 163 are made separable In the embodi- 
ment as above, the plate heater frame 1 62 and the alu- 
minum plate 1 63 can be constructed in a simple model 
to move up and down always in one body without being 
separated from each other. 

[0097] The plate heater frame 1 62 and the aluminum 
plate 163 are supported by the two supporting rods 
1603, and consequently the heat from the plate heater 
frame 1 62 is hard to conduct to the supporting member 
1602, air cylinder 1601, etc. The heat from the plate 
heater frame 1 62 can be conducted almost all to the alu- 
minum plate 1 63, therefore nearly uniforming a temper- 
ature distribution at the aluminum plate 163 and uni- 
fonnly heating the whole of the pre-fomiing bumps wafer 
201. Moreover, the heat will not act to the supporting 
member 1 602, etc. even when the preheat device drives 
continuously. 

[0098] The wafer load face 163a of the aluminum 
plate 1 63 has air holes 1 608 and grooves 1 607 to which 
holding hool<s 1417 of the wafer holding part 1411 enter 
when the pre-fomiing bumps wafer 201 is carried to the 
aluminum plate. The air holes 1608 communicate, as 
shown in Rg. 25, with a blow suction path 1609 fomned 
in the aluminum plate 163. As will be discussed also in 
the later description of the operation, the air holes are 
used to jet the air to separate the pre-forming bumps 
wafer 201 from th wafer load fac 163a to transfer th 
pre-fomiing bumps wafer 201, or to remov charg of 
the rear face of the pre-fonning bumps wafer 201 . Or 



th air holes are air suction holes to suck and hold th 
pre-forming bumps wafer 201 to the wafer load face 
1 63a although th air suction is fundamentally not car- 
ried out In the embodiment. As shown in Fig. 22, the 
blow suction path 1 609 is connected via a coupling pipe 
1610 to a blow suction device 1611 controlled by the 
controller 180. While a gas to be jetted is the air in the 
embodiment as mentioned above, other gas may be 
used. The blow suc^on device 1611 corresponds to an 
example functioning as the gas supply device for sup- 
plying a gas in a warpage correction operation and a 
charge removal operation to be described later 
[0099] A cooling medium path 1612 is formed in the 
aluminum plate 1 63 for cooling the aluminum plate 1 63. 
A cooling medium Is the air of an ordinary temperature 
in the embodiment, but other gas, water or the like can 
be used. The cooling medium path 1612 Is connected 
via a coupling pipe 1614 to a cooling air supply device 
1613 controlled in operation by the controller 180 as 
shown in Fig. 22. The air for cooling supplied to the path 
1612 mns in the path 1612 following illustrated an^ows 
and is discharged out through a coupling pipe 1615. 
[0100] As shown in Fig. 25 according to the embodi- 
ment, the blow suction path 1609 and the cooling medi- 
um path 1612 are obtained by forming holes in the alu- 
minum plate 1 63 by a drill orthe like and fitting stop plugs 
as indk^ated by slant lines. However, a known method 
can be employed to form the paths 1 609 and 1 61 2. For 
example, the paths can be obtained by fonning grooves 
to a rear face of the aluminum plate 163 as shown In 
Fig. 26. In this case, a seal plate is required between 
the aluminum plate 1 63 and the plate heater freime 1 62 
for preventing the cooling medium from leaking. 
[01 01 ] The post-forming bumps heating device 1 70 is 
a devbe on whbh the wafer with formed bumps 202 held 
by the wafer holding part 1421 from the bonding stage 
1 1 0 is loaded, which gradually lowering the loaded wafer 
with fomned bumps 202 from approximately 21 0^*0 of 
the bump bonding temperature to near the room tem- 
perature. The post-forming bumps heating device has 
a structure similar to the above-discussed preheat de- 
vice 160 with a plate heater frame and an aluminum 
plate made separable in the embodiment. Specifically, 
the post-fonning bumps heating device 170 includes, 
con^esponding to each part constituting the above pre- 
heat devtee 1 60, a plate heater 1 71 , a plate heater frame 
1 72, an aluminum plate 1 73, a temperature sensor 1 76, 
an air cylinder 1701 , a supporting member 1702, sup- 
porting rods 1703, a cylinder driving devbe 1704, 
springs 1705, stoppers 1706, grooves 1707, air holes 
1708, a blow suction path 1709, a coupling pipe 1710, 
a blow suction device 1711, a cooling medium path 
1712, a cooling air supply device 1713, and coupling 
pipes 1714, 1715. Thus Figs. 22-26 show reference nu- 
merals of parts of both the preheat device 160 and the 
post-fonning bumps heating device 1 70. The plate h at- 
er 171 Is controlled by the controller 180 to control a 
decrease In temperature of the wafer with formed 
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bumps 202. Similar to the aluminum plate 1 63, the alu- 
minum plate 1 73 has a wafer load face 1 73a metal plat- 
ed as shown in Fig. 68, specifically silver plated 261 in 
the embodiment. Th silver plating improves a heat con- 
ductivity between the aluminum plate 173 and wafer s 
with fomned bumps 202 and enhances a charge removal 
effect for the wafer with fomied bumps 202. 
[0102] Operation in the post-fonning bumps heating 
device is similarto the operation in the foregoing preheat 
device 1 60 and can be understood by applying the de- io 
scription of the operation related to the preheating in the 
preheat device 160. Thus a detailed description will be 
omitted here. 

[01 03] The lifting device 1 50 comprises a first lift 1 51 
for loading the first storage container 205 thereon and is 
a second lift 1 52 for loading the second storage contain- 
er 206. The first lift 1 51 moves the first storage container 
205 up and down so that the pre-fomning bumps wafer 
201 is arranged to a position where the pre-fonnmg 
bumps wafer201 can betaken out by the carry-In device 20 
1 31 . The second lift 1 52 moves the second storage con- 
tainer 206 up and down so that the wafer with fomried 
bumps 202 held by the cany-out device 132 can be 
stored to a predetemnlned position in the second storage 
container 206. 

[0104] Operation in the bump fomiing apparatus 1 01 
of the embodiment constituted as above will be de- 
scribed hereinbeiow. Each of the above-depicted parts 
constituting the apparatus is controlled in operation by 
the controller 180, whereby a sequence of operations so 
from forming bumps to the pre-fdrming bumps wafers 
201 and storing the wafer with formed bumps 202 to the 
second storage container 206 is earned out. The con- 
troller 180 can control a post-forming bumps heating in 
a state with the wafer with formed bumps 202 kept in 35 
contact with the aluminum plate 1 73 of the post-forming 
bumps heating device 1 70, and can further control a 
blowing operation for charge removal and a blowing op- 
eration for warpage correction to the wafer with fomied 
bumps 202 which can be executed by the post-forming 40 
bumps heating device 1 70. Moreover, the controller is 
capable of controlling the preheating in a state while the 
pre-forming bumps wafer 201 is held in contact with the 
aluminum plate 163 of the preheat device 160 as well 
as a blowing operation for charge removal and a blowing ^ 
operation for warpage correction to the pre-forming 
bumps wafer 201 whteh can be executed by the preheat 
device 1 60. 

[0105] The blowing operation for warpage correction 
to the pre-fomiing bumps wafer 201 which is earned out so 
by the bonding stage 11 0 is also conti^olled by the con- 
troller. 

[0106] Each of these operations will be discussed in 
detail below. In the description below, the contact mem- 
ber 1 41 00 for charge removal shown in Fig. 1 3 which is ss 
applicable to any wafers and substrates such as the 
above<lescribed charg appearanc semiconductor 
substrate accompanied with the warpage, etc. is exem- 
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ptified as th contact member attached to the wafer 
holding parts 1411 and 1421. Contact members 14107, 
14113,14116,141 20 or 1 41 21 can be a substitution for 
tiie contact member 14100. 

[01 07] According to th bump forming apparatus 1 01 
of the embodiment, bumps are formed to the pre-form- 
ing bumps wafer 201 , and the wafer with formed bumps 
202 is stored In the second storage container 206 by 
each process of steps 1-10 in Fig. 27 (tiie step is denot- 
ed by "S" in the drawing) More specifically, in step 1 , the 
first storage container 205 Is moved up and down by the 
first lift 1 51 so that the pre-forming bumps wafer 201 is 
disposed to a position where the wafer can be taken out 
by the carry-In device 1 31 from the first storage contain- 
er 205, and then the pre-fomiing bumps wafer 201 Is 
taken out by the carry-in device 131 from the first stor- 
age container 205. The pre-fonning bumps wafer 201 
held by the carry-in device 131 is orientated by the ori- 
entation flat registration devk:e 133. 
[0108] After the orientation flat registration, In step 2, 
tiie pre-fomiing bumps wafer 201 held on the holding 
stage 1311 of the carry-in device 131 is caught by the 
cany-in side transfer devk:e 141 . This operation will be 
detailed with reference to Figs. 28-31 . 
[01 09] As shown in Fig. 28, after the above orientation 
registration, the holding part 1333 of the orientation flat 
registration device 133 moves up to suck and hold the 
pre-forming bumps wafer 201 from the holding stage 
1311 , and moves up further. In the meantime, the wafer 
holding part 1411 Is disposed to above the pre-fomiing 
bumps wafer 201 and, the first holding member 1414 
and the second holding member 1 41 5 are moved by the 
driving part 1 41 2 in a direction to open in the X direction. 
Next, in Fig. 29, the holding part 1333 moves up, where- 
by a leading end of the contact member 14100 for 
charge removal of the wafer holding part 1411 first 
comes In contact with the front face 201a of the pre- 
forming bumps wafer 201 . Consequently, charge of the 
front face 201 a even if it has been charged Immediately 
before the contact by the contact member 1 41 00 is elim- 
inated through this contact by the contact member 
14100. 

[0110] Although the pre-forming bumps wafer 201 
and the wafer with formed bumps 202 used in the em- 
bodiment have a characteristb that they are hard to 
charge but they are hard to eliminate electric charge 
when they are once charged, as mentioned before. 
Therefore, the front face 201 a cannot be perfectiy elim- 
inated from electric charge even by the contact by the 
contact member 141 00. The front face 201 a has an In- 
itial charge of approximately +1 0 to +25V. The symbol 
+ stands for positively charged. 
[0111] Refemng to Fig. 30, tiie first holding member 
1414 and the second holding member 1415 are moved 
by the driving part 1412 in a direction to dose in the X 
direction. 

[0112] As shown in Fig. 31, the holding stage 1311 
moves down, whereby the pre-forming bumps wafer 
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201 Is held byth holding hooks 1417of the wafer hold- 
ing part 1 41 1 . At this time, the pre-fonrting bumps wafer 
201 is pr ssed to th holding hooks 1 41 7 by the urging 
force of th spring 1 41 62 fitted to the contact member 
part 14100. Th pr ssing force Is of a level whereat 
problems such as a drop of the pre-f omning bumps wafer 
201 from the wafer holding part 1 41 1 during the transfer, 
etc. are avoided. The pressing force never defomri the 
pre-forming bumps wafer 201 . 
[0113] When the rear face 201b of the pre-forming 
bumps wafer 201 and the holding hooks 1417 come In 
contact with each other, part of charge at the rear face 
201b is earthed. However, It is difficult to remove charge 
Inside the grooves 14 fonmed to the rear face 201b in 
the structure of this bump fomning apparatus 1 01 . Sim- 
ilar to the front face 201 a, an initial charge of approxi- 
mately -20 to -30V is present at the rear face 201b as 
well. The symbol - stands for negatively charged. Elec- 
trto charge can be more efficiently removed if the ion 
generator is employed as will be discussed in a modified 
example to be described later. 

[0114] As shown in Fig. 2, in step 3, the wafer holding 
part 1411 while holding the pre-fomiing bumps wafer 
201 is transfen^ed and disposed to above the preheat 
device 601 by the moving device 1413. 
[0115] According to the embodiment as indicated in 
Fig. 22, the plate heater frame 1 62 and the aluminum 
plate 1 63 of the preheat device 1 60 are constructed to 
be separable from each other. Therefore, when the alu- 
minum plate 163 has a temperature not lower than the 
ordinary temperature, steps 51 0-515 of Fig. 32 are car- 
ried out before the pre-forming bumps wafer 201 is 
transferred to above the preheat device 160, thereby 
cooling the aluminum plate 163. These steps 510-515 
will be depk:ted later with reference to Rg. 40. 
[0116] The aluminum plate 163 moves down to the 
down position 1 67 at a time point when the aluminum 
plate 163 is cooled to a predetennined temperature, i. 
e., approximately 40''C in the embodiment. In step 303, 
the wafer holding part 1411 in a state while holding the 
pre-fomiing bumps wafer 201 is tran^enred and ar- 
ranged to above the preheat device 160 by the moving 
device 1413 as indicated in Fig. 33. 
[0117] In step 304, again the aluminum plate 163 is 
raised to the up position 168. At this time, the holding 
hooks 1417 of the wafer holding part 1411 enter the 
grooves 1607 fonned to the aluminum plate 163 as 
shown in Fig. 34. The pre-fonming bumps wafer 201 held 
by the wafer holding part 1411 is placed on the alumi- 
num plate 1 63. Since no elevator mechanism is installed 
to the carry-In side transfer device 141 and carry-out 
side transfer device 142 in the embodiment as de- 
scribed before, it is necessary to move up and down the 
aluminum plate 163 so as to carry the pre-forming 
bumps wafer 201 to the preheat device 160 and load 
the pre-fonning bumps wafer to the aluminum plat 1 63. 
[01 18] In step 305, the first holding member 1 41 4 and 
second holding member 1415 of the cany-in side trans- 



fer device 141 are opened as shown in Fig. 35. In the 
next step 306, the aluminum plate 1 63 is lowered to the 
down position 1 67 as in Fig. 36. The step moves to step 
4, then th preheating is started. 

5 [0119] In a modified example of the preheat devk:e 
160 in which the plate heater frame 162 and the alumi- 
num plate 1 63 are made inseparable and moved up and 
down together at all times, the pre-fonning bumps wafer 
201 is carried to the preheat device 160 by operations 

10 of steps 31 1 -31 6 of Fig. 37. The operations will now be 
described here. The inseparable plate heater frame 1 62 
and aluminum plate 163 are generally named a preheat 
stage in the description below. 
[0120] In step 311 , the pre-fomning bunrps wafer 201 

IS held by the wafer holding part 1 41 1 Is carried to above 
the preheat stage. For stabilizing a temperature of the 
pre-fomning bumps wafer 201 , in step 31 2, the pre-form- 
ing bumps wafer 201 is maintained above the preheat 
stage, e.g., for 30 seconds to two minutes in a state in 

^ which the wafer is canied in. The preheat stage is raised 
to the up position 1 68 In step 31 3. The first holding mem- 
ber 1414 and second holding member 1 415 of the carry- 
in side transfer devrce 141 are opened in step 314. In 
next step 315 is executed an operation specif k: to the 

25 modified example of the structure In whtoh the plate 
heater frame 162 and the aluminum plate 163 are in- 
separable. When the pre-fomning bumps wafer 201 is 
moved by the carry-in side transfer device 141 from the 
preheat stage onto the bonding stage 1 1 0 after the pre- 

30 heating to be described later is completed, the pre-form- 
Ing bumps wafer 201 may be partially cooled if there Is 
a large temperature difference present between the 
holding hooks 1417 and the preheated pre-forming 
bumps wafer 201 , which nnay lead to troubles. There- 

35 fore, it is detennined In step 315 whether to heat the 
holding hooks 1417. When the holding hooks 1417 are 
to be heated, the preheating is started with the preheat 
stage raised to the up position 1 68. Because of this op- 
eration, the holding hooks 1417 already are entered to 

40 the grooves 1 607 and can be heated as well by the heat- 
ing of the preheat stage, and the troubles can be pre- 
vented. On the other hand, when the holding hooks are 
not to be heated, the preheat stage is lowered to the 
down position 167 in step 316 and the preheating is 

45 started. 

[0121] In step 4, the pre-forming bumps wafer 201 is 
preheated from the room temperature to nearly 210'*C 
by the preheat device 160. Although electric charge is 
generated to the pre-fomfiing bumps wafer 201 by a tem- 

50 perature change of the pre-fomning bumps wafer 201 
consequent to the preheating, since the pre-fomning 
bumps wafer 201 is placed on the aluminum plate 163, 
the charge of the rear face 201 b where charge is easy 
to accumulate is grounded via the aluminum plate 163 

55 and hence can be efficiently removed. A temperature 
rise rate for preheating the pr -fomiing bumps waf r 
201 can be adopted within a range of temperatur rise 
rate whteh Is not to break the pre-fomning bumps wafer 
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201 by a sudden temp ratur change, namely, within 
approximately 50*'C/min. Within this range, as shown in 
Fig. 38, for instance, a moderate temperature rise rate 
of approximately 5-10''C/min or a sudden temperature 
ris rate of approximately 20-40°C/inin or the like, van- s 
ous temperature rise rates can be adopted even for the 
charge appearance semiconductor substrates which 
generate charge by the temperature change. The cycle 
time of the same level as the conventional art can be 
maintained even when the preheating is performed. 
[0122] In the constitution in which the plate heater 
frame 162 and aluminum plate 163 are moved up and 
down integrally at all times without being separated, a 
temperature rise can be controlled as in Fig. 39. That Is, 
the operation In step 312 Is canied out from a time t1 to 
a time t2, whereby a temperature of the pre-forming 
bumps wafer 201 is raised from about 40^*0 to about 
60-1 20°C. Thereafter, the temperature rise to about 
210''C is controlled by the moderate or sudden temper- 
ature rise rate as above. 

[0123] When the pre-formlng bumps wafer 201 Is 
raised to about 21 0**C, the step moves to a next step 5. 
In step 5, as Indicated in Fig. 40, the pre-fomning bumps 
wafer 201 Is carried from the preheat device 1 60 to the 
bonding stage 110. An amount of charge of the pre- 
forming bumps wafer 201 is smaller at around 21 O^C in 
comparison with, e.g., at 100**C or so, and therefore 
there is little probability that spariding is brought about 
to the pre-fomiing bumps wafer 201 when the pre-fomi- 
Ing bumps wafer is moved from the preheat device 1 60 
to the bonding stage 110. Fig. 40 shows the operation 
in the case of the structure in which the plate heater 
frame 162 and the aluminum plate 163 of the preheat 
device 160 are made separable. 
[01 24] In step 501 of Fig. 40, the first holding member 
1414 and the second holding member 1415 are moved 
in the direction to open by driving the driving part 1412 
of the carry-in side transfer device 141 . In step 502, the 
aluminum plate 1 63 of the preheat device 1 60 is moved 
from the down position 1 67 to the up position 1 68. Each 
holding hook 1 41 7 of the first holding member 1 41 4 and 
the second holding member 1 41 5 at this time enters the 
groove 1607 of the aluminum plate 163. The first holding 
member 1414 and second holding member 1415 are 
closed In step 503. The blow suction device 1611 is 
worked In step 504, whereby the air Is jetted from the 
air holes 1 608 of the aluminum plate 1 63 to separate 
the aluminum plate 163 and the pre-forming bumps wa- 
fer 201 from each other. The jetted air is set to a tem- 
perature of a level so that a decrease in temperature of 
the preheated pre-formlng bumps wafer 201 can be pre- 
vented as much as possible, for example, set to approx- 
imately leo^'C. During the blowing, the aluminum plate 
163 is moved down in step 505 and the pre-forming 
bumps wafer 201 is held to the wafer holding part 141 1 
having the first holding member 1414 and th second 
holding member 1 41 5. The operation of the blow suction 
device 1611 is stopped to stop the blowing In step 506. 



Th wafer holding part 1411 holding the temperature- 
raised pre-forming bumps wafer 201 is moved to above 
the bonding stage 201 In step 507. The step shifts to an 
operation of loading the pre-fomning bumps wafer to th 
bonding stage 1 1 0 to b described later. 
[01 25] Meanwhile, the aluminum plate 1 63 of the pre- 
heat device 1 60 heated to approximately 21 O^'C should 
be lowered again to nearly the room temperature before 
the next pre-forming bumps wafer 201 of the room tem- 
perature Is loaded thereto. In step 510 of Fig. 40, the 
cooling air supply device 1613 is worked to supply the 
air for cooling to the cooling medium path 1612 in the 
aluminum plate 163. Further in steps 511 and 512, the 
air cylinder 1601 of the preheat device 160 Is operated 
to raise the aluminum plate 1 63 from the down position 
1 67 to the up position 1 68, thereby separating the plate 
heater frame 1 62 and the aluminum plate 1 63. The tem- 
perature of the aluminum plate 1 63 is then cooled to 
about 30*^0. Although a cooling temperature of the alu- 
minum plate 163 Is set to be about 30*>C as above, the 
temperature is not limited to this. That Is, the cooling 
temperature of the aluminum plate 163 can be set so 
that the amount of charge of the pre-fomning bumps wa- 
fer 201 does not exceed an allowable value and the pre- 
forming bumps wafer Is prevented from being warped 
by the temperature difference between the pre-forming 
bumps wafer 201 of the ordinary temperature and the 
aluminum plate 1 63. The aluminum plate 1 63 can be 
efficiently cooled by separating the plate heater frame 
1 62 and the aluminum plate 163 as above. After the alu- 
minum plate 163 is cooled to about 30^0, In step 513, 
the operation of the cooling air supply devk:e 1 61 3 is 
stopped to terminate the supply of the air for cooling. 
The aluminum plate 1 63 is moved down in step 51 4. The 
wafer holding part 141 1 of the carry-In side transfer de- 
vice 141 is returned to above the carry unit 130 In step 
515. 

[0126] On the other hand, when the plate heater 
frame 162 and the aluminum plate 163 are adapted to 
move up and down in one unit at all times without being 
separated from each other, operations of Fig. 41 are car- 
ried out. Similar operations in Fig. 41 to those described 
with reference to Fig. 40 are designated by the same 
reference numerals as in Fig. 40 and the description 
thereof will be omitted. Steps 521 and 522 in Fig. 41 
coR'espond respectively to steps 502 and 505 in Fig. 40, 
In which the preheat stage comprised of the plate heater 
frame 1 62 and the aluminum plate 1 63 In one body Is 
moved up and down. 

[0127] Hereinafter will be described the operation of 
transferring and loading the pre-fomning bumps wafer 
201 from the preheat device 160 to the bonding stage 
110. 

[0128] As described above, the pre-forming bumps 
wafer 201 is raised to approximately 21 0°C by the pre- 
heating, and this t mp rature slightly decreas s In a 
time after preh atlng before the pre-forming bumps wa- 
fer is loaded on the bonding stage 1 1 0. If the pre-fomning 
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bumps wafer 201 thus slightly reduced In temperatur 
is loaded onto the bonding stage 110 heated to approx- 
imately 210**C, in som cases, the temperature differ- 
ence between th pre-forming bumps wafer 201 and the 
bonding stage 1 1 0 causes the pre-fomning bumps wafer 
201 to warp as shown in Fig. 12 depending on a material 
of the pre-fomiing bumps wafer 201. The pre-fomning 
bumps wafer 201 accompanied with the warpage is, e, 
g., LITaOs wafer, LiNbOs wafer or the like. As such, the 
embodiment executes an operation of correcting the 
warpage of the pre-fomning bumps wafer 201 on the 
bonding stage 1 01 . In a case of the LINbOs wafer, a hot 
air is blown to the wafer to correct the warpage after the 
wafer is placed on the bonding stage 110. In a case of 
the LiTaOa wafer, the blowing of the hot air after the wa- 
fer is placed on the bonding stage is not earned out be- 
cause it takes a longer time to correct the warpage than 
in the case of the LiNb03 wafer. Such difference is con- 
sidered to result from a lower heat conductivity of the 
LiTaOa wafer than that of the LiNbOs wafer. Therefore 
blowing the hot air is effective In reverse to the LiTaOa 
wafer and the temperature of the LiTaOs wafer can be 
rather readily uniformed simply by heating the wafer af- 
ter placing the wafer on this bonding stage. The warpage 
correction by blowing the hot air will be dscussed with 
reference to Fig. 42 and that without blowing the hot air 
will be described with reference to Fig. 43. 
[0129] In step 507 in Fig. 42, the pre-fomning bumps 
wafer 201 held by the wafer holding part 1 41 1 of the car- 
ry-in side transfer device 141 is carried to above the 
bonding stage 1 1 0 as shown in Fig. 45. In next step 531 , 
the bonding stage 1 10 is rotated in order to adjust a car- 
ry-in angle of the pre-fomiing bumps wafer 201 to the 
bonding stage 110. In step 532, the wafer laying stage 
1 1 1 is raised In the thickness direction of the pre-f orming 
bumps wafer 201 as shown in Fig. 46 and comes into 
contact with the rearface 201 b of the pre-fomning bumps 
wafer 201 , thereby further pressing up the pre-f orming 
bumps wafer 201 . When the wafer laying stage 111 is 
raised, each holding hook 1 41 7 of the wafer holding part 
1411 enters the groove 116 fomied to the wafer laying 
stage 111. 

[01 30] When the pre-f orming bumps wafer is pressed 
upward, the contact member 141 00 for charge removal 
whteh is in contact with the front face 201a of the pre- 
forming bumps wafer 201 is pressed up while maintain- 
ing the state in contact with the front face 201 a against 
the urging force of the spring 14162. Generation of 
sparks at the front face 201 a is prevented because the 
pre-forming bumps wafer 201 has its amount of charge 
decreased in the vicinity of 210''C and moreover the 
contact member 14100 for charge removal is held in 
contact with the front face 201 a as above. 
[0131] In step 533, as shown in Fig. 47, the first hold- 
ing member 1 41 4 and second holding member 1 41 5 are 
moved in th direction to open by the operation of the 
driving part 1 41 2 of the carry-in side transfer devtoe 1 41 . 
The holding of the pre-forming bumps wafer 201 by the 



wafer holding part 1411 is released. 
[01 32] In the above state, the blower 11 5 is worked in 
step 534 to blow out the hot air for warpage connection 
of approximately leo^'C from the air holes 113 opened 
5 In the wafer laying stag 111. Although the pre-forming 
bumps wafer 201 floats by approximately 0.5mm up 
fromthewafer laying stage 111 bythe blowing, the hold- 
ing hooks 1417 of the first holding member 1414 and 
the second hokling member 1415 present in the periph- 
ery of the pre-forming bumps wafer 201 prevent the 
floating pre-fomning bumps wafer 201 from dropping 
from on the wafer laying stage 111. The hot air for warp- 
age correction is blown for about 2-4 minutes in which 
the warpage of the LiNb03 wafer can be connected. 
However, the blowing time and the temperature of the 
hot air are not limited to these values and set depending 
on the material of the charge appearance sembonduc- 
tor substrate to be corrected. 
[01 33] After the blowing time is passed, the operation 
of the blower 115 is stopped In step 535 to turn off the 
blowing. In step 536, the suction device 114 is worked 
to start sucking the pre-fomning bumps wafer 201 
through the air holes 113 onto the wafer laying stage 
111. The operation for sucking the pre-fomning bumps 
wafer Is detected In step 537, and the wafer laying stage 
111 moves down to the original position with holding the 
pre-fomning bumps wafer201 as shown in Fig. 48 in step 
538. 

[0134] The warpage connection is completed in the 
above procedures. The wafer holding part 1411 of the 
carry-in side transfer device 1 41 is then moved to above 

the carry unit 130. 

[0135] The warpage conreclion without blowing the 
hot air will now be described. Each operation in steps 
507, 531, 532, 536 and 537 among operations In Fig. 
43 is identteal to the operation described hereinak>ove 
with reference to Fig. 42 and will be omitted from the 
following description. The wafer laying stage 111 is 
moved up in step 532 and the pre-forming bumps wafer 
201 is loaded on the wafer laying stage 1 1 1 in step 541 . 
The pre-fomning bumps wafer 201 Is not sucked by the 
wafer laying stage 111 at this time because if the pre- 
forming bumps wafer 201 were sucked to the wafer lay- 
ing stage with the pre-fomning bumps wafer 201 warped, 
the pre-forming bumps wafer 201 would be limited in de- 
formation, probably resulting in a crack or the like dam- 
age. The wafer laying stage 111 is moved down to the 
original position in step 542. 

[01 36] As a result of the movement down to the orig- 
inal position, the wafer laying stage 1 1 1 is heated again 
by the heater 112 to approximately 21 O^C. In step 543, 
according to the present embodiment, a state with the 
pre-forming bumps wafer 201 being loaded on the wafer 
laying stage 111 and without blowing the hot air for warp- 
age correction is kept in approximately 2 minutes in 
which th warpag correction to th LiTaOa wafer can 
be accomplished. During th time, the LiTaOs wafer is 
heated by the wafer laying stage 111 and the warpage 
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is corrected. The time whil the pre-forming bumps wa- 
fer is left as above and the temperature for warpage cor- 
rection are set depending on the material of the charg 
appearance semiconductor substrate to be corrected 
and not limited to the above values. s 
[0137] The warpage of the pre-fomriing bumps wafer 
201 can be corrected by the warpage correction either 
with blowing the hot air or without blowing the hot air, so 
that cracks or the like damage to the pre-fomiing bumps 
wafer 201 is prevented. 

[0138] After the above-discussed warpage correction 
operation, bumps are formed by the bump fomriing head 
120 to electrode parts of the circuits on the pre-fomning 
bumps wafer 201 . The pre-forming bumps wafer 201 is 
maintained at the bump bonding temperature during the 
bump formation with being hardly subjected to a tem- 
perature change, and therefore charge is rarely gener- 
ated to the pre-fomning bumps wafer 201 . 
[01 39] In step 6, after the bumps are formed, the pre- 
fomning bumps wafer 202 Is caught by the first holding 
member 1424 and the second holding member 1425 of 
the wafer holding part 1 421 of the carry-out side transfer 
device 142, the wafer holding part 1421 Is moved in the 
X direction by working the moving device 1423 of the 
carry-out side transfer device 1 42, the wafer with fomned 
bumps 202 is disposed to above the post-forming 
bumps heating device 170 as shown in Fig. 2, then the 
wafer with formed bumps is placed to the post-forming 
bumps heating devtoe 1 70. These operations will be de- 
tailed herelnbelow with reference to Figs. 50 and 51 . 
[0140] In step 601 of Fig. 50, the aluminum plate 1 73 
of the post-forming bumps heating device 1 70 is heated 
to approximately 210*^0. In step 602, the wafer with 
formed bumps 202 held by the wafer holding part 1 421 
Is earned to above the post^orming bumps heating de- 
vice 170. In step 603, the heated aluminum plate 173 is 
raised from the down position 1 67 to the up position 1 68. 
The wafer with formed bumps 202 comes into contact 
with the aluminum plate 173 and loaded on the alumi- 
num plate 1 73. The holding hooks 141 7 of the first hold- 
ing member 1 424 and the second holding member 1 425 
of the wafer holding part 1 421 of the carry-out side trans- 
fer device 142 enter the grooves 1 707 fomned in the alu- 
minum plate 173. In step 604, the first holding member 
1424 and the second holding member 1425 of the wafer 
holding part 1421 of the cany-out side transfer device 
142 are opened. The holding of the wafer with fomned 
bumps 202 is relieved. Post-forming bumps heating op- 
eration in step 7 is slightly different between when the 
post-fomning bumps heating device 170 has the sepa- 
rable plate heater frame 172 and aluminum plate 173 
as in the present embodiment and when the post-form- 
ing bumps heating device 1 70 is constructed in the one 
body type as in the foregoing modified example. 
[0141] In the case of the one body type, the following 
steps 641-647 can be executed betw enth steps 601 
and 602. 

[0142] Specif k;ally, in step 641 of Fig. 51 , it is deter- 



mined whether or not it is necessary to particularly heat 
the holding hooks 1417 of the wafer holding part 1421 
of the carry-out side transfer device 1 42. That is, when 
the wafer with formed bumps 202 heated to approxi- 
mately 210**C by the bonding stage 110 Is held and 
transferred by the wafer holding part 1421 of the carry- 
out side transfer device 142 to the post-fomning bumps 
heating devbe 170, if such temperature difference that 
damages the wafer with formed bumps 202, e.g., ap- 
proximately 40^*0 is present between the wafer holding 
part 1421, particularly the holding hooks 1417 and the 
wafer with fomned bumps 202, there Is a risk of damage 
to the wafer with formed bumps 202 when the wafer is 
held. It depends on the material or the like of the handled 
charge appearance semiconductor substrate whether 
or not the temperature difference or damage is brought 
about. Because of this reason, whether to heat the wafer 
holding part 1421 is detemnined in step 641. When the 
heating Is to be conducted, the step moves to step 642. 
When the heating is not necessary, the step moves to 
step 646. 

[0143] When the heating is to be earned out, in step 
642, the moving device 1423 of the cany-out side trans- 
fer device 142 is operated to move the wafer holding 
part 1421 of the carry-out side transfer devtee 142 to 
above the post-fomning bumps heating device 170. In 
step 643, a post-forming bumps heating stage constitut- 
ed integrally of the plate heater frame 1 72 and aluminum 
plate 1 73 of the post-fomning bumps heating device 1 70 
is moved up from the down position 1 67 to the up posi- 
tion 1 68. Each of the holding hooks 1 41 7 of the first hold- 
ing member 1 424 and the second holding member 1 425 
at the wafer holding part 1421 of the carry-outside trans- 
fer device 142 enters the groove 1 707 fomned in the alu- 
minum plate 173. In step 644, the post-fomning bumps 
heating stage is raised to about 21 O^'C. Then the holding 
hooks 1417 present In the grooves 1707 and also the 
wafer holding part 1421 are heated in step 645. After 
the heating, the post-forming bumps heating stage is 
lowered to the down position 1 67 in step 646. 
[0144] In step 647, the heated wafer holding part 1 421 
is moved to above the bonding stage 110. The wafer 
laying stage 111 of the bonding stage 110 is moved up 
and, the wafer with formed bumps 202 on the wafer lay- 
ing stage 111 Is held to the wafer holding part 1421 in 
step 648. The step moves to step 602 and then to step 
607 through steps 603 and 604. 
[0145] In step 7, while a decrease in temperature of 
the wafer 202 is controlled by heating the wafer with 
formed bumps 202 by the post-forming bumps heating 
device 1 70, the wafer with fomned bumps 202 is heated 
for post-forming bumps to a temperature exceeding the 
room temperature by approximately 10**C from the 
bump bonding temperature, i.e., approximately 21 0°C. 
[01 46] The wafer with fomned bumps 202 which is the 
charge app aranc semiconductor substrat is charged 
due to the t mperature change In the decreasing tem- 
perature. However, since the wafer with formed bumps 
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202 is loaded in direct contact with th aluminum plat 
1 73 of the post-f omning bumps heating device 1 70 as 
described abov , electric charge of the rear face partic- 
ularly easy to charge can be efficiently grounded via th 
aluminum plate 1 73. Similar to the preheating op ration s 
discussed earlier, various kinds of decrease in temper- 
ature control as indicated in Fig. 52 are accordingly 
made possible although the charge appearance semi- 
conductor substrate is handled. That is, the decrease in 
temperature can be controlled not only by controlling the io 
temperature of the plate heater 1 71 , but also by a variety 
of controls in operation, specifically, by separating the 
plate heater frame 1 72 and the aluminum plate 1 73, by 
not separating the plate heater frame and the aluminum 
plate, by supplying the air for cooling, and by not sup- 
plying the air for cooling, in a case of the structure as in 
the embodiment where the plate heater frame 172 and 
the aluminum plate 173 are rendered separable. 
[0147] A decrease in temperature curve designated 
by a reference numeral 11 01 in Fig. 52 is obtained when 20 
the plate heater frame 1 72 and the aluminum plate 1 73 
are separated and also the air for cooling is supplied to 
the aluminum plate 173. A decrease in temperature 
curve of a reference numeral 1 1 02 is obtained when only 
the air for cooling is supplied without separating the 25 
plate heater frame and the aluminum plate. A decrease 
in temperature curve of a reference numeral 1 1 03 Is pre- 
sented when the plate heater frame and the aluminum 
plate are separated without the air for cooling supplied, 
while a decrease in temperature curve of a reference 30 
numeral 1104 is a curve when the separation and the 
supply of the air for cooling are not cam'ed out. The de- 
crease in temperature control in each above case will 
be depicted below. 

[0148] Fig. 53 shows an operation that the decrease 35 
in temperature of the aluminum plate 173, i.e., wafer 
with fomned bumps 202 placed on the aluminum plate 
173 is controlled while the plate heater frame 172 and 
aluminum plate 173 are separated. In step 611 of Fig. 
53, the temperature of the plate heater 1 71 is lowered 40 
by the temperature control or naturally cooled to approx- 
imately 1 0O^C from approximately 21 O^'C. At the same 
time, the aluminum plate 1 73 is moved to the up position 
168 to be separated from the plate heater frame 1 72. It 
is determined in step 612 whether or not the tempera- 
ture of the aluminum plate 173 of the post-forming 
bumps heating device 170 has reached approximately 
ISCC through the decrease in temperature in the em- 
bodiment. The temperature 150*^0 is a temperature 
where a decrease in temperature rate changes. That is, so 
a decrease In temperature rate at lower than 1 50*^0 be- 
comes lower than a decrease in temperature rate from 
approximately 21 0°C to approximately 1 SO°C when the 
cooling is started from approximately 210''C. The value 
150''C is obtained from experiments by the applicant, ss 
Th temp ratur value is set on a basis of the material 
of the charge appearance semiconductor substrate, the 
bonding temperature and the like, and not restricted to 
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the above 150*^0. The cooling air supply device 1713 is 
worked in step 613 to supply the air for cooling to the 
aluminum plate 173 after the aluminum plate 173 be- 
comes approximately 150°C. It is detemnined in step 
614 whether or not the temperature of the aluminum 
plate 173 is decreased to approximately 40*'C. The op- 
eration of the cooling air supply device 1 71 3 is stopped 
when the aluminum plate is decreased to approximately 
40^0, thereby shutting the supply of the air for cooling 
to the aluminum plate 173. The temperature 40*^0 is a 
value to be set on the basis of the material of the charge 
appearance semiconductor substrate and not limited to 
this value. 

[0149] The above steps 61 1 -615 realize the decrease 
In temperature control indicated by the reference nu- 
meral 1101 in Fig. 52. In this case, the aluminum plate 
1 73 can be cooled from approximately 21 O^C to approx- 
imately 40**C in about 10 minutes. 
[0150] Without the steps 613-615 executed, a de- 
crease in temperature control designated by a reference 
numeral 1 1 03 in Fig. 52 is executed. The aluminum plate 
173 is decreased in temperature from approximately 
210°C to approximately 40°C in about 25-30 minutes. 
[0151] According to the operation in Fig. 54, the de- 
crease in temperature of the aluminum plate 1 73, name- 
ly, wafer with fomned bumps 202 loaded on the alumi- 
num plate 1 73 is controlled without separating the plate 
heater frame 1 72 from the aluminum plate 1 73. A differ- 
ence between the decrease in temperature control in 
Fig. 53 and that In Fig. 54 is only whether or not the plate 
heater frame 1 72 and the aluminum plate 1 73 are sep- 
arated, and therefore a detailed description will be omit- 
ted. Operations in steps 621-625 in Fig. 54 con'espond 
to operations In steps 611-615 of Fig. 53 respectively. 
[0152] Through the operations in steps 621-625, the 
decrease in temperature control lndk:ated by the refer- 
ence numeral 1102 in Fig. 52 is achieved. In this case, 
the aluminum plate 1 73 can be lowered from approxi- 
mately 210°C to approximately 40*^0 in about 20 min- 
utes. 

[Ql 53] The decrease in temperature control of the ref- 
erence numeral 1104 in Fig. 52 is executed in the ab- 
sence of steps 623-625. The aluminum plate 1 73 is low- 
ered from approximately 210°C to approximately 40** C 
in 50 minutes. 

[01 54] The step moves to step 8 after the above-dis- 
cussed post-forming bumps heating, and then following 
operation is carried out. The wafer with fomned bumps 
202 is held by the wafer holding part 1421 of the cany- 
out side transfer device 142 and moved to above the 
carry-out devbe 132 in the X direction by driving the 
moving device 1423. Fig. 56 indk^ates a state after the 
wafer with formed bumps is moved. An operation of car- 
rying out the wafer with formed bumps 202 to the carry- 
out device 1 32 from the post-fomning bumps heating de- 
vice 1 70 will b d scribed below with reference to Fig. 
55. The carry-out operation is also made slightly differ- 
ent depending on whether or not the plate heater frame 
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1 72 and the aluminum plate 1 73 of the post-fomiing 
bumps heating device 170 are separated. Steps 801 
and 802 in Fig. 55 are earned out when the plate heater 
fram 172 and the aluminum plate 173 are separated, 
whereas steps 803-806 ar earned out in the absence 
of the separation. Steps 807-810 are common to both 
cases. 

[0155] In the presence of the separation, the plate 
heater frame 172 and the aluminum plate 173 are al- 
ready separated for the cooling operation in the post- 
fomning bumps heating as described before and the alu- 
minum plate 173 is positioned to the up position 168. 
Therefore, in step 801, the first holding member 1424 
and the second holding member 1 425 of the wafer hold- 
ing part 1421 of the carry-out side transfer device 142 
are closed, thereby holding the cooled wafer with 
fomfied bumps 202 on the aluminum plate 173. In step 
802, the blow suction device 1711 is worked to jet the 
air for blowing from the air holes 1 707 of the aluminum 
plate 1 73, thus making the wafer with formed bumps 202 
float from the aluminum plate 1 73. Then the step moves 
to step 807 to be described later. 
[01 56] On the other hand, when the separation is not 
carried out, the first holding member 1424 and the sec- 
ond holding member 1 425 of the wafer holding part 1 421 
of the cany-out side transfer device 1 42 arranged above 
the post-fomning bumps heating device 170 are opened 
in step 803. In next step 804, the post-fomiing bumps 
heating stage of the plate heater frame 1 72 and the alu- 
minum plate 1 73 constituted In one body is moved to 
the up position 1 68. The first holding member 1424 and 
the second holding member 1425 are closed in step 805 
thereby holding the cooled wafer with formed bumps 
202. In step 806, the blow suction device 1711 is acti- 
vated to jet out the air for blowing from the air holes 1 708 
of the aluminum plate 173, whereby the wafer with 
fomned bumps 202 floats up from the aluminum plate 
173. 

[0157] Instep 807, only the aluminum plate 173 is low- 
ered to the down position 1 67 when the separation is 
executed, or the post-fonning bumps heating stage is 
lowered to the down position 167 In the absence of the 
separation. As a result, the wafer with fonned bumps 
202 held by the wafer holding part 1421 is positioned 
above the post-forming bumps heating device 170. In 
step 808, the operation of the blow suction device 1 71 1 
is stopped to stop Jetting out the air for blowing. In step 
809, the wafer with formed bumps is moved to above 
the carry-out device 132 in the X direction by driving the 
moving device 1423 of the canry-out side transfer device 
142. 

[0158] In step 810, the post-forming bumps heating 

device 1 70 raises the temperature of the aluminum plate 

173 again from approximately 40^C to approximately 
21 O^'C when a next wafer with formed bumps 202 Is to 
b accepted. 

[0159] After the wafer with fomned bumps is moved 
as above, the driving part 1324 of the cany-out device 



132 works, the holding part 1323 comes in contact with 
the rear face 202b of the wafer with formed bumps 202 
as shown in Fig. 57, and moreover moves up so that the 
wafer with fonned bumps 202 is disposed by approxi- 
5 mately 1 mm up from the holding hooks 1 41 7 of the wafer 
holding part 1 421 . When the holding part 1 323 contacts 
the rear face 202b, the charge of the rear face 202b is 
grounded through the holding part 1 323 and the amount 
of charge of the rear face 202b is reduced. The contact 
member 14100 for charge removal maintains a state In 
contact with the front face 202a of the wafer with fomned 
bumps 202 also when the above upward movement is 
perfomied. Therefore similar to when the wafers 201 
and 202 are transported at the cany-in device 131 and 
bonding stage 110, even when charge on the front face 
202a is changed in consequence of changing of an 
amount of charge on the rear face 202b because of the 
holding part 1323 coming in contact with the rear face 
202b of the wafer with fomned bumps 202, an amount 
of charge resulting from the change can be eliminated. 
[0160] After the upward movement, the holding part 
1 323 holds the wafer with fonned bumps 202 by suction. 
[0161] The first holding member 1 424 and the second 
holding member 1 425 of the wafer holding part 1 421 are 
opened by the driving part 1 422 as shown In Fig. 58 after 
the holding part 1323 holds the wafer with formed 
bumps 202, thereby freeing the holding of the wafer with 
formed bumps 202. 

[0162] After relieving the holding, the holding part 
1323 descends to place the wafer with fonned bumps 
202 onto the holding stage 1321 as shown in Figs. 59 
and 60. The holding stage 1321 having the wafer with 
formed bumps loaded holds the wafer with formed 
bumps 202 by suction in the embodiment, 
pi 63] In step 9, the holding stage 1 321 with the wafer 
with fonned bumps 202 is moved In the X direction by 
the operation of the carry-out side transfer device 1 322 
to transfer the wafer with fonned bumps 202 towards 
the second storage container 206. 
[0164] In step 10, the holding stage 1321 stores the 
wafer with formed bumps 202 to the second storage 
container 206. 

[0165] As described hereinabove, according to the 
bump forming apparatus 101 in the embodiment, the 
charge appearance semiconductor substrate, e.g., pie- 
zoelectric substrate wafer or the like which generates 
electric charge subsequent to the temperature change 
is directly brought in contact with on the aluminum plates 
163 and 173 constituting the preheat device 160 and 
post-fomning bumps heating device 1 70 when the tem- 
perature change Is brought about to the wafer In the pre- 
heating and post-forming bumps heating. Therefore the 
wafer is grounded in this manner. Thus, electric charge 
resulting from the temperature change can be reduced 
to a degree where no damage is added to the circuit 
fonned on th wafer and no crack or the like is occun^ed 
to the wafer itself due to, e.g., a decrease in uniting fore 
to the stage, for example, without forming an aluminum 
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film along th dicing tin softh wafer or without fonning 
an aluminum film to the entire rear face of the wafer. 
[01 66] Particularly, In the case where the wafer has a 
thickness of 0.2mm or smaller or when a distance be- 
tween lines of th circuit formed on the wafer Is smaller 
than 1|im and specially a difference in width of adjacent 
lines is large, a large charge removal effect can be ob- 
tained by controlling the temperature rise and the de- 
crease in temperature In the above preheating and post- 
fomnlng bumps heating. 

[0167] The temperature rise rate in the preheating 
and the decrease in temperature rate in the post-fomning 
bumps heating can be set for every type of wafers to 
which bumps are to be formed, i.e., for every material, 
for every size or the like of the wafers. The rates may 
be stored in the memory 181 of the controller 180, so 
that the control can be changed in accordance with the 
type of wafers to be processed. 
[0168] According to the embodiment as described 
hereinabove, the temperature control Is executed both 
for the temperature rise of the pre-fom)ing bumps wafer 

201 and for the decrease in temperature of the wafer 
with formed bumps 202. However, it Is enough to exe- 
cute at least the decrease in temperature control when 
the bump bonding temperature is lowered to the room 
temperature. There is a reason for this as follows. That 
Is, the wafers 201 and 202 has the characteristic that 
they are hard to eliminate charge once charged. Further 
the wafer 202 is stored in the second storage container 
206 after lowered from the bump bonding temperature 
to the room temperature. Therefore If the wafer 202 kept 
charged when stored in the second storage container, 
there would be a possibility that problems are caused. 
Accordingly electric charge of the wafer 202 should be 
suffk^ientty eliminated. 

[0169] Since the amount of charge of the wafer with 
fonned bumps 202 should be reduced before the wafer 
is stored in the second storage container 206, as indi- 
cated in Fig. 61 , the ion generator 190 is preferably dis- 
posed to at least the side of the rear face 202b of the 
wafer with fonned bumps 202, more preferably to both 
sides of the front and rear faces of the wafer with fonmed 
bumps during a time while the wafer with fonned bumps 

202 is delivered from the wafer holding part 1421 of the 
carry-out side transfer device 1 42 to the cany-out device 
132. Since the rear face 202b of the wafer wrth formed 
bumps 202 Is negatively charged and the front face 
202a is positively charged at the time of the delivery, 
and for neutralizing the charge, an ion generator 1 90-1 
disposed at the side of the rear face 202b generates 
positive ions and an ion generator 1 90-2 disposed at the 
side of the front face 202a generates negative ions. 
Each of the ion generators 190-1 and 1 90-2 is connect- 
ed to and controlled by the controller 180. In a state 
shown in Fig. 61, the ion generators 190-1 and 190-2 
act Ions to the wafer with fonned bumps 202 when the 
wafer holding part 1421 holding the wafer with formed 
bumps 202 Is disposed above the carry-out devk:e 132. 
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More specifically, the generators act ions to the wafer 
with formed bumps 202 during the above delivery, i.e., 
during each operation from Fig. 57 to Fig. 60. 
[01 70] In comparison with a case without the ion gen- 

s erator,thepr senceofth ion generator 190 can further 
decrease the amount of charge as wilt be described be- 
low although values of the amount of charge below are 
examples. In the absence of the above temperature rise 
control and the decrease in temperature control of the 

10 embodiment, the amount of charge of the front face 
202a of the wafer with fonned bumps 202 is approxi- 
mately +1 8V and the amount of charge of the rear face 
202b is approximately -1000V as mentioned before 
when the wafer holding part 1 421 is an-anged above the 

IS cany-out devtee 1 32. The amount of charge of the front 
face 202a can be turned to approximately +22V and the 
amount of charge of the rear face 202b can be changed 
to approximately +22V by acting the ions by the ion gen- 
erator 1 90 to both the front and the rear faces of the 

20 wafer with fonned bumps 202 for four minutes. The 
charge of the rear face 202b can thus be reduced more 
by acting ions to at least the rear face 202b by the Ion 
generator 1 90 in addition to the temperature rise control 
or the decrease in temperature control. 

25 [0171] Furthemnore, for more efficiently acting the 
ions generated from the ion generators 1 90-1 and 1 90-2 
to at least the rear face 202b, a blower 1 91 may be in- 
stalled as shown in Fig. 61 to at least the side of the rear 
face 202b to more efficiently move the generated ions 

30 to the rear face 202b. The blower 1 91 is controlled by 
the controller 180. 

[0172] As shown in Fig. 61, an electrostatic sensor 
251 can be installed to measure the amount of charge 
of at least the rear face 202b, preferably both faces in- 

35 eluding the front face 202a. An amount of ions to be gen- 
erated by the ion generator 1 90 or a volume of air of the 
blower 191 can be controlled by the controller 180 based 
on the measured amount of charge. 
[0173] ions generated by the ion generator 1 90 may 

40 be let to act in order to more effbiently eliminate electric 
charge also in the post-fomning bumps heating before 
the wafer with formed bumps 202 is delivered from the 
wafer holding part 1421 to the carry-out device 132. 
[0174] Ions by the ion generator 190 can be applied 

45 in the preheating as well. 

[0175] Although the warpage is corrected when the 
pre-forming bumps wafer 201 Is loaded to the bonding 
stage 110 in the above-described embodiment, the 
warpage correction may be additionally carried out by 

50 working the blow suction devices 1611 and 1711 to jet 
the gas also when the pre-fonning bumps wafer 201 is 
placed to the preheat devtee 1 60 and also when the wa- 
fer with fomried bumps 202 Is placed to the post-fomning 
bumps heating device 1 70. 

55 [0176] The pre-fonning bumps wafer 201 and the wa- 
fer with fonned bumps 202 are positively charged con- 
sequent to the temperature ris and ar negatively 
charged consequent to the decrease in temperature. 
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With utilization of this phenomenon, the temperature 
rise control Is executed so that the pre-fomning bumps 
wafer 201 is raised from the room temperature to th 
bump bonding temperature not in one stroke, but grad- 
ually by alternately repeating the temperature rise and 
the decrease In temperature, e.g., as shown in Fig. 44. 
The preheating In this manner enables neutralization of 
the positive charge generated by the temperature rise 
with the negative charge generated by the decrease in 
temperature. In other words, an Increased amount of 
charge Is eliminated by electric charge which is gener- 
ated and an opposite polarity In every time when the 
amount of charge is increased, and the amount of 
charge of the pre-forming bumps wafer 201 is main- 
tained to the Initial amount even after the pre-forming 
bumps wafer is raised to the bump bonding tempera- 
ture. Similarly, as shown in Fig. 49, such decrease In 
temperature control is enabled In the post-forming 
bumps heating that the wafer with f omted bumps 202 is 
not lowered all at once from the bump bonding temper- 
ature to the room temperature, but is gradually lowered 
by alternately repeating the temperature rise and de- 
crease in temperature. 

[01 77] The temperature rise control and the decrease 
In temperature control in the above zigzag fashion can 
be adopted to the preheating and post-forming bumps 
heating In the preheat device 160 and post-forming 
bumps heating device 1 70. 

[01 78] I n the preheat device 1 60 and the post-forming 
bumps heating device 170 according to the embodi- 
ment, the rear faces of the pre-forming bumps wafer 201 
and wafer with fomried bumps 202 are neariy entirely 
held in contact with the aluminum plates 163 and 173. 
Considering only from a view point of the charge remov- 
al, It Is not always necessary to keep the whole face In 
contact with the aluminum plate, and It is enough to hold 
the pre-fomiing bumps wafer 201 and the wafer with 
fomned bumps 202 in looped contact with a conductive 
member by approximately 1/3 a radius from the outer 
circumference to the center. 

[0179] The decrease In temperature control is earned 
out with the use of the post^omilng bumps heating de- 
vice 170, while the temperature rise control is carried 
out with the use of the preheat device 1 60 in the embod- 
iment. Since the operations are Independently earned 
out as above, processes from supplying the wafer to car- 
rying out the wafer can be more efftoiently executed, 
with shortening the cycle time. However, if there is a time 
allowance in the processes or in the like case, the pre- 
heat device 1 60 and the post-forming bumps heating 
device 1 70 may be eliminated as in a bump forming ap- 
paratus 102 of Fig. 62, in which operations of keeping 
the wafer 201 to the bump bonding temperature, the de- 
crease In temperature control in the post-fonming bumps 
heating and the temperature rise control in the preheat- 
ing can be executed by th bonding stage 110 under the 
control of the controller 1 80. 

[0180] In such arrangement as above, either one of 



th carry-In side transfer device 141 and the carry-out 
side transfer device 142 Is enough, and consequently 
the bump fomning apparatus Is made compact in syner- 
gy with the elimination of the preheat devk;e 1 60 and 
5 the post-forming bumps heating device 1 70. 

[0181] Fig. 63 shows operations of the preheating, the 
bump-bonding and the post-forming bumps heating in 
the structure of the bump forming apparatus 102, that 
is, with the preheat device 160 and the post-fomiing 
bumps heating device 170 being eliminated while the 
charge appearance sem Conductor substrate such as 
the pre-fonning bumps wafer 201 or the like Is placed 
on the wafer laying stage 1 1 1 of the bonding stage 1 1 0. 
In step 1001 in Fig. 63, for example, a transfer devtee 
143 such as the above carry-In side transfer devtee 141 
Is used to load the pre-forming bumps wafer 201 as the 
charge appearance sem Conductor substrate from the 
carry unit 130 onto the wafer laying stage 111 of the 
bonding stage 110. The wafer laying stage 111 at this 
time is approximately 40**C. In step 1002, the suction 
device 114 of the bonding stage 110 Is worked to suck 
a loaded sub plate 195 to be described later onto the 
wafer laying stage 111 In the case where the sub plate 
is employed. On the other hand, when the pre-fomiing 
bumps wafer 201 Is to be directly placed onto the wafer 
laying stage 11 1 , the suction is not carried out. The rea- 
son for this Is as follows. That is, In next step 1003, the 
pre-fomrilng bumps wafer 201 is raised from approxi- 
mately 40'*C to approximately 210**C and the defomna- 
tion such as warpage or the like is caused by the above 
temperature change. Therefore if the suction operation 
limits the deformation of the wafer, there is a possibility 
that the pre-fomnlng bumps wafer201 Is damaged. Thus 
the suction operation is not performed for avoiding the 
damage. 

[0182] In step 1 003, the pre-fomnlng bumps wafer 201 
is raised at the temperature rise rate of, e.g., 1 0^C/mln. 
Since the pre-fonning bumps wafer 201 is in direct con- 
tact with the wafer laying stage 111, electric charge gen- 
erated to the pre-forming bumps wafer 201 by the tem- 
perature change at the temperature rise time can be ef- 
ficiently removed through the wafer laying stage 111. 
Therefore the temperature rise rate can be set variously 
as discussed before. 

[0183] In step 1004, movement of the pre-fonning 
bumps wafer 201 on the wafer laying stage 111 is limit- 
ed, for example, by the holding hooks 1417 of the wafer 
holding part 1411 of the carry-in side transfer device 
141. In next step 1005, the blower 115 Is operated to 
blow the hot air from the air holes 11 3 of the wafer laying 
stage 1 11 to the pre-forming bumps wafer 201 , thereby 
carrying out the charge removal by discharging electric 
charge of the pre-forming bumps wafer 201 into the air. 
Then, in step 1006, the suction device 114 is operated 
to suck the pre-fonning bumps wafer 201 onto the wafer 
laying stage 111 . After steps 1005 and 1006 are carried 
out, these steps are carried out again in the embodi- 
ment. In other words, the blowing operation for charge 
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removal Is conduct d twice. The number of times of the 
blowing operation for charge removal and a time period 
of the blowing can be set in accordance with the amount 
of charge of the pre-fomning bumps wafer 201 . For ex- 
ample, the blowing may be carried out once for only a 5 
set time when the amount of charge Is approximately 
-50V or smaller, or carried out once under conditions of 
continuous blowing when the amount of charge is ap- 
proximately -800V. When the amount of charge is ap- 
proximately -1000V, the blowing can be carried out for 
a plurality of the number of times under conditions of 
continuous blowing as above. 

[01 84] I n step 1 007, bump bonding Is executed to the 
pre-fonning bumps wafer 201 . In step 1008, the suction 
device 114 is stopped to stop the suction. The reason 
for stopping the suction at this time point is the same as 
when the suction is not conducted In step 1002, i.e., to 
avoid the damage by not limiting the defonnation of the 
wafer with fomned bumps 202 because of the tempera- 
ture change. 

[0185] In nextstep 1009, the temperature of the wafer 
laying stage 111 is lowered from approximately 210*^0 
to approximately 40*'C, e.g., at the decrease In temper- 
ature rate of lO'^C/hiin. The wafer with fomned bumps 
202 Is held in direct contact with the wafer laying stage 
111 , and therefore, charge generated to the wafer with 
fomned bumps 202 as a result of the temperature 
change at the decrease in temperature can be efficiently 
removed by the wafer laying stage 111. Therefore the 
decrease in temperature rate can be set variously as 
described eariler. In step 1010, the wafer with fonned 
bumps 202 is subjected to the blowing to float from the 
wafer laying stage 111 . The wafer with fomned bumps 
202 is moved from the wafer laying stage 1 1 1 to the car- 
ry-out device 132 by the transfer device. 
[0186] The above-described blowing operation for 
charge removal may be perfomned In the preheating op- 
eration and the post-fomning bumps heating operation 
in the bump fomnlng apparatus 101 equipped with the 
preheat device 1 60 and post-forming bumps heating de- 
vice 1 70 by operating the blow suction devices 1611 and 
1711 and jetting the gas. 

[0187] Although a protecting member named sub 
plate for protecting a wafer from brealcing is not attached 
to the rear face 201b of the pre-fonming bumps wafer 
201 in the above description, the sub plate 195, e.g., as 
shown in Fig. 64 may be attached to the rear face 201 b. 
The sub plate 195 is formed of, for instance, a metallic 
material such as aluminum or the like. The rear face 
201b of the pre-fomning bumps wafer 201 is brought into 
contact with the sub plate 195 and the pre-forming 
bumps wafer is held to the sub plate 195 by leaf springs 
196 fitted to the sub plate 195. 
[0188] The wafers 201 and 202 are prevented from 
breaicing owing to the presence of the sub plate 195. 
Moreover, sine th rearface201 b is always kept In con- 
tact with th sub plate 195 and mad conductive to the 
front face 201a via the leaf springs 196, a difference In 



amount of charg between the front and rear fac scan 
be lessened and an occurrence of damage to the circuit 
fomned to the pre-forming bumps wafer 201 caused by 
charge can be reduced. 

[0189] Th sub plate 195 has a plurality of through 

holes 197 penetrating therethrough in a thickness direc- 
tion, so that heat of plate heaters 1 61 and 1 71 effectively 
act to the wafers 201 and 202 during the preheating op- 
eration and the post-fomning bumps heating operation, 
and moreover Ions generated by the ion generator 1 90 
effectively act to the rear faces 201b and 202b of the 
wafers 201 and 202. 

[01 90] The charge removal operation executed to the 
charge appearance semiconductor substrate by the 
bump fomnlng apparatus 1 01 and the bump forming ap- 
paratus 1 02 described above can form the charge ap- 
pearance semfconductor substrate with charge being 
reduced to about ±200V on an average. When the ion 
generator 190 is used in addition, the charge appear- 
ance semkK>nductor substrate having charge reduced 
to approximately ±20-30V as mentioned above can be 
obtained. The pyroelectric breakdown of the circuit 
formed to the charge appearance semkx)nductor sub- 
strate, damage such as the break or the like of the 
charge appearance semteonductor substrate itself, etc. 
caused by the electric charge can be prevented accord- 
ingly. 

[0191] Charges of the charge appearance semicon- 
ductor substrate are removed or reduced in the bump 
fomning apparatus 1 01 of the embodiment by disposing 
the substrate In a state to be in contact with the preheat 
devk^e 1 60 and the post-fomning bumps heating device 
170. However, such an arrangement as a modified ex- 
ample to be described below is also available, in which 
charge is removed or reduced without bringing the 
charge appearance 8emkx)nductor substrate into con- 
tact with the preheat devk^e and the post-forming bumps 
heating device. 

[0192] Fig. 71 is a diagram con^esponding to Fig. 2, 
Indicating a bump fomning apparatus 501 as the afore- 
mentioned modified example. A primary difference be- 
tween the bump forming apparatus 501 and the eariier- 
described bump fomning apparatus 1 01 is found in a pre- 
heat device 560, a post-forming bumps heating device 
570, and the operation for removing or reducing electric 
charge. The preheat device 560 corresponds to the ear- 
lier preheat device 160 and the post-fomning bumps 
heating device 570 corresponds to the post-forming 
bumps heating device 170. The same parts are desig- 
nated by the same reference numerals In the bump 
fomnlng apparatus 501 as in the bump forming appara- 
tus 101 , the description of which will be omitted. Only 
different points in structure of the preheat device 560 
and post-forming bumps heating device 570 from the 
preheat device 1 60 and post-forming bumps heating de- 
vice 170 and the charge removal and r ductlon opera- 
tion will b discussed In the following description. 
[0193] Refem'ng to Figs. 72 and 73, the preheat de- 
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vice 560 is an apparatus for raising the pre-forming 
bumps wafer 201 cauglit by the wafer holding part 1 41 1 
from the carry-In device 131 from the room temperature 
to the vicinity of approximately 21 O^C which Is the bump 
bonding temp ratur when bumps ar formed at the 
bonding stage 11 0 In a state with the pre-forming bumps 
wafer 201 kept out of contact with the preheat device 
560 and held by the wafer holding part. The preheat de- 
vice has a structure in which the aluminum plate 1 63 as 
the heat diff user member is mounted on the plate heater 
frame 1 62 having the plate heater 1 61 as a heat source. 
The bump bonding temperature, namely, approximately 
21 O^'C can be changed in a range from approximately 
ISO^'C to approximately 210''C In accordance with the 
material or the like of the pre-f omning bumps wafer 201 . 
[0194] The plate heater 161 is controlled by the con- 
troller 180 to raise the temperature with reference to 
temperature infonmation from the temperature sensor 
1 66 such as a thennocouple or the like which measures 
a temperature of the aluminum plate 1 63. This operation 
of raising the temperature Is one of characteristic oper- 
ations in the bump fomning apparatus 501 and will be 
detailed later. In order to be able to execute the charac- 
teristic raising temperature operation, a path 164 for 
cooling material is fomned In a serpentine to the alumi- 
num plate 1 63. In the embodiment, the air of the room 
temperature Is used as the cooling material and sup- 
plied to the path 164 by the air supply device 165 con- 
trolled by the controller 180. Although water may be 
used as the cooling material, the temperature rise or de- 
crease in temperature becomes hard to control because 
the water has a low response for the temperature rise 
or decrease. The air is more preferable to the water. 
[01 95] The pre-fomriing bumps wafer 201 Is arranged 
above the aluminum plate 163 while held by the wafer 
holding part 1 41 1 via a gap of approximately 1 mm to the 
aluminum plate 1 63 of the preheat devbe 560. Grooves 
567 are formed to a face of the aluminum plate 1 63 op- 
posite to the wafer along an advance direction of the 
wafer holding part 1411 so as to avoid Interference with 
the holding hooks 1417 of the wafer holding parit 1411 . 
[01 96] The post-forming bumps heating device 570 is 
an apparatus for decreasing the temperature of the wa- 
fer with fomned bumps 202 held by the wafer holding 
part 1421 from the bonding stage 110 after bumps are 
formed to near the room temperature from the vicinity 
of approximately 210°C as the bump bonding tempera- 
ture while the wafer with formed bumps is kept In a non- 
contact state to the post-fonning bumps heating device 
570 with held by the wafer holding part. The post-form- 
ing bumps heating device is similarto the above preheat 
device 560 in terms of structure. That is, the post-fomn- 
Ing bumps heating device 570 includes the plate heater 
171, the plate heater frame 172, the aluminum plate 
173, the path 1 74 for cooling material, the air supply de- 
vlc 175, th t mperature sensor 176 and grooves 577. 
Rgs. 72 and 73 show reference numerals in both the 
preheat device 560 and the post-fonning bumps heating 
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devbe 570. The plat heater 171 is controlled by the 
controller 1 80 to control the decrease in temperature of 
the wafer with fonned bumps 202. The operation of con- 
trolling the decrease In temperature is one of features 
5 of the bump forming apparatus 501 and will be de- 
scribed in detail later. 

[0197] Front faces of the aluminum plates 163, 173 
opposite to the pre-f omning bumps wafer 201 , wafer with 
fonned bumps 202 in the preheat device 560, post-fonn- 
10 ing bumps heating devtee 570 are preferably treated by 
an insulating far infrared radiation coating. A heat dissi- 
pation efficiency for the pre-fomiing bumps wafer 201 
and the wafer with fomned bumps 202 can be improved 
by the coating. 

15 [0198] Among operations In the bump fomiing appa- 
ratus 501 with the above-constituted preheat device 560 
and post-fomning bumps heating device 570, the charge 
removal and reduction operation to the charge appear- 
ance semk^onductor substrate without bringing the 

20 charge appearance semiconductor sut)strate into con- 
tact with the preheat device 560 and the post-fomning 
bumps heating device 570 will now be described below. 
Similarto the eariier-described bump fomiing apparatus 
1 01 , each part constituting the bump fomning apparatus 

25 501 is controlled in operation by the controller 180, 
whereby a sequence of operations from forming bumps 
to the pre-fomilng bumps wafer 201 to storing the wafer 
with fomned bumps 202 into the second storage contain- 
er 206 is earned out. The controller 180 also controls 

30 the blowing operation for warpage correction to the pre- 
fomriing bumps wafer 201 carried out by the bonding 
stage 110. 

[0199] In the following description, the contact mem- 
bers for charge removal attached to the wafer holding 

35 parts 1411 and 1421 are exemplified by the contact 
member 14100 shown in Fig. 13 which is applicable to 
any wafer and substrate such as the above charge ap- 
pearance semrconductor substrate developing the 
warpage, etc. Contact members 14107, 14113, 14116, 

40 14120, 14121 or 141 22 may be used in place of the con- 
tact member 1 41 00. 

[0200] The pre-fomiing bumps wafer 201 and the wa- 
fer with fonned bumps 202 generate positive charge in 
accordance with the temperature rise and generate neg- 

45 ative charge In accordance with the decrease In temper- 
ature. With this phenomenon utilized in the preheating, 
the pre-forming bumps wafer 201 is not raised from the 
room temperature to the bump bonding temperature in 
one stroke, but the temperature rise control Is executed 

50 by repeatedly carrying out the temperature rise and the 
decrease in temperature, for example, as shown in Fig. 
74, and then the pre-forming bumps wafer 201 is raised 
to the bump bonding temperature. When the preheating 
Is canned out as above, positive charge generated 

55 through the temperature rise can be neutralized by neg- 
ative charge generated by the deer as In temp rature. 
In otherwords.afundamental concept of th pr heating 
In this example is that an increased amount of charge 
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is eliminated by charge which is g n rated and an op- 
posite polarity every time the amount of charge is in- 
creased, and the amount of charge of the pre-forming 
bumps wafer is maintained to the initial amount even 
afterth pre-fomning bumps waf r Is raised to the bump 
bonding temperature. The preheating operation in the 
example will be more fully described below. 
[0201] Fig. 75 shows a flow of the entire preheating 
operation controlled by the controller 1 80. More specif- 
ically, in step 2101 , whether the aluminum plate 163 of 
the preheat device 560 is a start temperature or not is 
determined. Unless the aluminum plate is the start tem- 
perature, the aluminum plate is heated by the plate heat- 
er 161 or cooled by supplying the air by the air supply 
device 165, thereby being adjusted to the start temper- 
ature in step 21 02. The start temperature In the example 
Is AO^'C and the temperature of the aluminum plate 1 63 
Is measured by the temperature sensor 166. 
[0202] In step 2103, a temperature rise gradient is 
controlled and the aluminum plate 1 63, I.e., pre-forming 
bumps wafer 201 is started to be raised in temperature. 
In step 21 04, whether or not the aluminum plate 163 has 
reached a temperature rise target temperature is deter- 
mined. Since the bump bonding temperature for the pre- 
fomning bumps wafer 201 is approximately 210*^0, the 
temperature rise target temperature of the aluminum 
plate 1 63 Is approximately 200*'C in the example. When 
the aluminum plate 163 has not reached the tempera- 
ture rise target temperature, steps 2121 -2124 of Fig. 76 
are carried out. As described before, since the bump 
bonding temperature is variable depending on the ma- 
terial or the like of the pre-forming bumps wafer 201 , the 
temperature rise target temperature can also be 
changed to conform to the bump bonding temperature. 
[0203] Through the terT^>erature rise control operation 
executed in steps 2103, 2104 and 2121 -2124, the tem- 
perature rise operation is earned out to the bump bond- 
ing temperature by alternately repeating the tempera- 
ture rise and the decrease in temperature which is one 
of the characteristic operations in the example. The op- 
eration for raising the temperature will be further de- 
tailed below. 

[0204] When the aluminum plate is detemiined to 
have reached the temperature rise target temperature 
in step 2104, the step moves to step 2105, when the 
preheating operation is completed. The pre-forming 
bumpswafer201 istransfen^to the bonding stage 110 
in step 21 06. After the transfer, in step 21 07, the air sup- 
ply by the air supply device 165 is started to lower the 
aluminum plate 163 to the start temperature. In step 

2108, whether or not the aluminum plate Is decreased 
to the start temperature Is determined. When the alumi- 
num plate is decreased to the start temperature, the air 
supply by the air supply device 165 is stopped in step 

2109, so that the start temperature is maintained. The 
step returns to step 2103 in preparation for preheating 
operation of a next pre-forming bumps wafer 201 . 
[0205] The temperature rise control in the above 
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steps 2103, 2104 and 2121-2124 will be depicted. 
[0206] The temperature of the aluminum plate 1 63 is 
raised in accordance with a preliminarily s t tempera- 
ture rise gradient in step 21 03. The temperature rise gra- 

5 dient is set to 20'C/min In th xample. When the alu- 
minum plate 163 has not reached the temperature rise 
target temperature in step 21 04, step moves to step 
2121 , where it is detemnined whether a decrease in tem- 
perature start condition Is satisfied or not. In this case, 

10 the temperature of the aluminum plate 1 63, a time after 
the temperature rise starts, the amount of charge of the 
rear face 201b of the pre-forming bumps wafer 201 , or 
the like can be adopted as a physical quantity to be the 
decrease in temperature start condition. This example 

15 uses the temperature of the aluminum plate 1 63 as the 
physical quantity. 

[0207] In the case where the amount of charge of the 
rear face 201 b is to be used as the physical quantity, as 
Indicated In Fig. 78, a plurality of through holes 252 are 

20 formed penetrating to each of the plate heater 1 61 , the 
plate heater frame 1 62 and the aluminum plate 163, and 
an electrostatic sensor 251 is arranged below the plate 
heater 161. The amount of charge of the rear face 201 b 
is measured by the electrostatk; sensor 251 through the 

25 through holes 252. The measured value is sent to the 
controller 180 which in turn obtains the amount of 
charge. When the amount of charge of the rear face 
201 b is to be measured by the electrostatic sensor 251 , 
or when charge is to be removed with the use of the ion 

30 generator 1 90 as will be described later, Innerfaces and 
peripheries of the through holes 252 and surfaces of the 
plate heater 1 61 , the plate heater frame 1 62 and the alu- 
minum plate 163 are preferably coated with an insulat- 
ing material so as to prevent electrostatic ions from be- 

35 ing attracted to the conductor thereby h Indering correct 
measurement of the amount of charge or obstructing the 
charge removal. 

[0208] When the temperature of the aluminum plate 
1 63 is selected as the physical quantity of the decrease 

40 In temperature start condition as in the present example, 
In step 2121 , a temperature width des^nated by a ref- 
erence numeral 271 in Fig. 77 is obtained on a basis of 
temperatures of the aluminum plate 1 63 at a start of the 
temperature rise and at present, and it is detemnined 

45 whether or not the temperature width 271 is a predeter- 
mined value. The stqp moves to step 2122 when the 
temperature width has reached the predetemnined val- 
ue, whereas the step goes back to step 21 03 when the 
temperature width has not reached the predetemnined 

50 value. 

[0209] The temperature width 271 is set to BO'^C in the 
example. When the "time" is selected as the physical 
quantity of the decrease in temperature start condition, 
a reference numeral 273 seems more appropriately cor- 
55 responding to the time. However the reference numeral 
271 can also correspond to the "time". A time from the 
temperature rise start to the decreas in t mperature 
st£Vt can be set to, e.g., two minutes. When the "amount 
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of charge" Is selected, the referenc numeral 271 cor- 
responds to a difference in amount of charge which can 
beset, .g.,300V±10%. 

[0210] In step 2122, the air supply by the air supply 
device 165 to the path 164 is started to start lowering 
the temperature of the aluminum plate 163. A decrease 
in temperature gradient in this step is set beforehand, 
which is set to be -30''C/min In this example. 
[021 1] In step 2123, it is detemiined whether or not a 
decrease In temperature target condition Is satisfied. 
The above-mentioned "time", "amount of charge" or the 
lilce besides the "temperature" in the example is used 
as the physical quantity of the decrease in temperature 
target condition. According to the example, in step 21 23, 
a temperature width denoted by a reference numeral 
.272 in Fig. 77 is obtained on a basis of each of temper- 
atures of the aluminum plate 1 63 at the start of the de- 
crease in temperature and at present, and whether or 
not the tenperature width 272 has reached a predeter- 
mined value Is determined. When the temperature width 
has reached the predetermined value, the step goes to 
succeeding step 2124. The step returns to step 2122 
when the temperature width has not reached the prede- 
termined value. The temperature width 272 is a value 
smaller than the temperature width 271 and approxi- 
mately 1/2-1/3 the temperature width 271 . The temper- 
ature width 272 is set to be 1 5°C in the example. When 
the "time" Is selected as the physical quantity of the de- 
crease in temperature target condition, the reference 
numeral 272 corresponds to the time, and can be set to 
one minute, for example. When the "amount of charge" 
is selected as the physical quantity, the reference nu- 
meral 272 con^sponds to a difference in amount of 
charge and can be set to, e.g., 100V±1 0%. 
[0212] In step 2124, the air supply by the air supply 
device 165 to the path 164 for cooling material Is 
stopped, thereby stopping to decrease the temperature 
of the aluminum plate 1 63 . The step returns to step 21 03 
after completion of the operation in step 2124. 
[0213] The temperature of the aluminum plate 163, 
namely, pre-fonning bumps wafer 201 Is thus raised to 
the bump bonding temperature while the temperature 
rise and the decrease in temperature are alternately re- 
peated through the temperature rise control operation 
in steps 2103, 2104 and 2121-2124. Since positive 
charge is increased through the temperature rise while 
negative charge is generated by the decrease in tem- 
perature, the charge primarily of the rear face 201b of 
the pre-forming bumps wafer 201 is neutralized by re- 
peating the temperature rise and the decrease in tem- 
perature alternately as above. Since the decrease in 
temperature width is smaller than the temperature rise 
width as above, actually, positive charge is accumulated 
to the rear face 201b of the pre-fonning bumps wafer 
201 In the preheating operation as is clear from Fig. 74. 
However, the amount of accumulated charg can be 
greatly reduced In comparison with the case where the 
temperature is uniformly raised without alternately re- 



peating th temperatur rise and decrease in tempera- 
ture. In one example, the amount of charge exceeds 
+2000V up to approximately +3000V when the temper- 
ature is raised uniformly, whereas the amount of charge 
5 can be suppressed to approximately +100V by alter- 
nately repeating the temperature rise and decrease in 
temperature. 

[0214] After the above-described preheating opera- 
tion, step 5 described In conjunction with the bump form- 
10 ing apparatus 1 01 is started. In step 5, the carry-in side 
transfer device 1 41 is moved by the transfer device 1 41 3 
from the preheat device 560 to the bonding stage 110. 
The pre-fomiing bumps wafer 201 held by the wafer 
holding part 1411 is placed on the bonding stage 110. 
IS When the rear face 201 b of the pre-fomnlng bumps wa- 
fer 201 comes In contact with the wafer laying stage 1 1 1 
of a metallic material of the bonding stage 1 1 0, part of 
charge accumulated to the rear face 201b is grounded 
to the wafer laying stage 111, and also part of the charge 
accumulated to the rear face 201b moves towards the 
front face 201 a in some cases. According to the exam- 
ple, however, since the temperature rise control is car- 
ried out in the preheating operation, the amount of 
charge of the front face 201 a and the rear face 201 b, 
particularly of the rear face 201b Is reduced as com- 
pared with the conventional example without the tem- 
perature rise control. Moreover, the contact member 
1 41 00 for charge removal is held in contact with the front 
face 201a. Therefore, sparking at the front face 201a 
can be prevented. The amount of charge of the rear face 
201 b Is reduced as represented by a reference numeral 
302 in Fig. 74 through the earthing to the wafer laying 
stage 111 and owing to an increase of negative charge 
subsequent to a slight decrease in temperature of the 
pre^omnlng bumps wafer 201 when separated from the 
preheat device 560. 

[0215] The pre-fomiing bumps wafer 201 is, after 
loaded on the bonding stage 110, heated by the heater 
1 1 2 installed to the bonding stage 1 1 0 and controlled by 
the controller 180 to the bump bonding temperature. 
Bumps 1 9 are f omied, while canrying out the heating, by 
the bump fomning head 120 to, e.g., electrode parts 18 
of the circuit on the pre-fomilng bumps wafer 201 as 
shown in Fig. 88. 

[0216] After the bumps are fomned, the wafer with 
fomied bumps 202 is moved from on the bonding stage 
11 0. In other words, the wafer with formed bumps Is ar- 
ranged to above the bonding stage 1 1 0. The first holding 
member 1 424 and the second holding member 1 425 are 
opened by the driving part 1422 and the wafer laying 
stage 111 of the bonding stage 110 is moved up. In con- 
sequence of the upward movement, the contact mem- 
ber 1 41 00 of the member 1 426 for charge removal first 
comes in contact with the front face 202a of the wafer 
with fomied bumps 202. Then, after the first holding 
member 1 424 and the second holding member 1 425 are 
closed by the driving part 1422, the wafer laying stage 
111 of the bonding stage 110 is moved down, whereby 
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the wafer with formed bumps 202 is held to the wafer 
holding part 1 421 of the carry-out side transfer device 
142. 

[021 7] The wafer with formed bumps 202 held by th 
wafer holding part 1421 is disposed to above the post- 
fomning bumps heating device 570 as shown in Fig. 71 
on the basis that the wafer holding part 1421 is moved 
in the X direction by the driving of the moving device 
1423 of the carry-out side transfer device 142. 
[0218] In step 7 In Rg. 27, the post-fonning bumps 
heating device 570 controls the decrease in tempera- 
ture of the wafer 202 by heating the wafer, thereby car- 
rying out the post-fomiing bumps heating operation to 
the wafer with formed bumps 202 from the bump bond- 
ing temperature of approximately 210''C to a tempera- 
ture exceeding the room temperature by approximately 
10°C. 

[021 9] Similar to the earlier-described preheating op- 
eration, electric charge Is generated to the wafer with 
fonmed bumps 202 as a result of the temperature 
change in the decrease in temperature operation. The 
front face 202a and the rear face 202b of the wafer are 
charged as Indicated by reference numerals 303 and 
304 in Fig. 74. 

[0220] Under the circunnstances, In the post-fonning 
bumps heating operation as well as in the preheating 
operation, the decrease in temperature is controlled by 
alternately repeating the decrease in temperature and 
the temperature rise, thereby suppressing the amount 
of charge of particularly the rear face 202b. Meanwhile, 
the charge of the front face 202a is grounded because 
the contact member 14100 is held in contact with the 
front face 202a, 

[0221] Fig. 79 shows a flow of the entire operation in 
the above post-fonning bumps heating operation. The 
operation is controlled by thecontroller 1 80. Specifically, 
whether the temperature of the aluminum plate 173 of 
the post-forming bumps heating device 570 is a start 
temperature or not is detemnined In step 2131. When 
the aluminum plate is not the start temperature, the alu- 
minum plate is adjusted to the start temperature in step 
2132 by heating by the plate heater 171 or by cooling 
through the air supply by the air supply device 1 75. The 
start temperature is approximately 20O''C in the exam- 
ple and the temperature of the aluminum plate 173 Is 
measured by the temperature sensor 176. 
[0222] In step 21 33, with the decrease In temperature 
gradient being controlled, the decrease In temperature 
of the aluminum plate 173, i.e., the wafer with fomned 
bumps 202 Is started by the supply of air by the air sup- 
ply device 175. It is detennined in step 2134 whether 
the aluminum plate 173 reaches a decrease in temper- 
ature target temperature or not. The decrease in tem- 
perature target temperature at the aluminum plate 1 73 
is 40'*C in the example. Steps 21 51 -21 54 of Fig. 80 are 
carried out in the v nt that the aluminum plate 1 73 has 
not reached th decrease in temperature target t mper- 
ature. 



[0223] The decrease In temperatur operation to the 
decrease In temperature target temperature Is executed 
in this manner by altemat ly repeating the decrease in 
temperatur and th temperature rise in steps 2133, 
5 21 34 and 21 51 -21 54 which Is one of characteristic op- 
erations of the example. The decrease in temperature 
control will be described in detail later. 
[0224] When the aluminum plate is determined to 
have reached the decrease in temperature target tem- 
perature in step 21 34, the step goes to step 21 35, where 
the post-forming bumps heating operation Is completed. 
The wafer with formed bumps 202 is transferred to the 
canry-out device 142 in step 2136. After the transfer- 
ence. In step 2137, electricity is started to be supplied 
to the plate heater 171, thereby raising the aluminum 
plate 173 to the start temperature. Whether the alumi- 
num plate has raised to the start temperature or not Is 
detemnined in step 2138. When the aluminum plate is 
raised to the start temperature, the supply of electricity 
to the plate heater 171 is stopped to maintain the start 
temperature. The step returns to step 2133 to prepare 
for post-forming bumps heating operation for a next wa- 
fer with fonned bumps 202. 

[0225] The decrease in temperature control in the 
steps 2133, 2134 and 2151 -2154 will now be described. 
[0226] In step 2133, the aluminum plate 173 Is low- 
ered In temperature in accordance with a preliminarily 
set decrease in temperature gradient. The decrease in 
temperature gradient is set to be -20**CVmin in the ex- 
ample. In step 2134, if the aluminum plate 173 has not 
reached the decrease In temperature target tempera- 
ture, the step goes to step 2151, and It is determined 
whether or not a temperature rise start condition is sat- 
isfied. The temperature of the aluminum plate 173, a 
time after the decrease In temperature starts, an amount 
of charge of the rear face 202b of the wafer with fonned 
bumps 202, or the lilce similar to the above preheating 
control may be used as a physical quantity of the tem- 
perature rise start condition, among which the present 
example uses the temperature of the aluminum plate 
173. 

[0227] When the amount of charge of the rear face 
202b is used, as shown In Fig. 78 refen^ed to In the de- 
scription of the preheating control, a plurality of through 
holes 252 are fonned to the aluminum plate 173 or the 
like and the electrostatic sensor 251 is arranged below 
the plate heater 1 71 . The amount of charge of the rear 
face 202b is measured by the electrostatic sensor 251 
through the through holes 252. The measured value is 
sent to the controller 1 80 to obtain the amount of charge. 
[0228] in the case where the temperature of the alu- 
minum plate 163 is selected as the physical quantity of 
the temperature rise start condition as In the example, 
In step 2151, a temperature width denoted by a refer- 
ence numeral 275 in Fig. 81 is obtained on a basis of 
each temperature of th aluminum plate 1 63 at the start 
of the decrease in temp ratur and at present and, 
whether the temperature width 275 has reached a pre- 
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determined value is determined. The step goes to step 
2152 when the temperature width has reached the pre- 
determined value, or the step retums to step 21 33 when 
the temperature width has not reached the value. 
[0229] According to this exampl , the temperature 
width 275 is set to be 30*'C. The reference numeral 275 
corresponds to a time when the '^ime" is selected as the 
physical quantity of the temperature rise start condition. 
The time can be set to two minutes, for instance. The 
reference numeral 275 corresponds to an amount of 
charge when the "amount of charge" is selected, which 
can be set to, e.g., 300V±10%. 
[0230] In step 2152, the supply of electricity to the 
plate heater 1 71 of the post-fomiing bumps heating de- 
vice 570 Is started to start raising the temperature of the 
aluminum plate 173. The temperature rise gradient at 
this time is set beforehand and is set to be 430°CAnin 
in the example. The supply of the air by the air supply 
device 1 75 Is stopped in response to the start of the pow- 
er supply to the plate heater 1 71 . 
[0231] In step 21 53, whether or not a temperature rise 
target condition is satisfied is determined. For a physical 
quantity to be the temperature rise target condition, a 
"time", an "amount of charge" or the like is utilizable as 
well as the "temperature" employed by the example. 
The temperature width designated by a reference nu- 
meral 276 in Fig. 81 is obtained in step 2153 on a basis 
of temperatures of the aluminum plate 173 at the start 
of the temperature rise and at present, and whether or 
not the temperature width 276 has reached a predeter- 
mined value is detemiined. The step moves to step 2 1 54 
when the temperature width has reached the predeter- 
mined value. The step retums to step 2152 when the 
temperature width has not reached the predetemnined 
value. The temperature width 276 is a value smallerthan 
the temperature width 275, that Is, approximately 1/2 to 
1/3 the temperature width 275. The temperature width 
is set to be 1 5°C in the example. The reference numeral 
276 corresponds to the time when the "time" is selected 
as the physical quantity of the temperature rise target 
condition and can be set to e.g., one minute. The refer- 
ence numeral 276 corresponds to the difference in 
amount of charge when the "amount of charge" is se- 
lected, which can be set to, e.g., 1 00V±1 0%. 
[0232] In step 2154, the power supply to the plate 
heater 171 of the post-forming bumps heating device 
570 is stopped, whereby the temperature rise to the alu- 
minum plate 173 Is stopped. After the operation in step 
2154 completes, the step retums to step 2133. 
[0233] Through the decrease in temperature control 
in steps 2133, 21 34 and 2151 -21 54, the temperature of 
the aluminum plate 173, namely, wafer with fomned 
bumps 202 is decreased to the decrease in temperature 
target temperature while the decrease in temperature 
and the temperature rise are alternately repeatedly car- 
ried out. When the decrees In temperatur and the 
temperature rise ar altemat ly repeated, charg of pri- 
marily the rear face 202b of the wafer with formed 



bumps 202 ar n utralized, because positive charge is 
generated through the temperature rise although nega- 
tive charge is increased by the decrease in temperatur . 
Since the temperature rise width is smaller than the de- 
5 crease In temperature width as d scribed above, nega- 
tive charge is actually accumulated to the rear face 202b 
of the wafer with formed bumps 202 through the post- 
forming bumps heating operation as indicated by the ref- 
erence numeral 303 in Fig. 74. However, the amount of 
10 charge can be greatly reduced in comparison with a 
casewhereatemperatureof the wafer is decreased uni- 
formly without attemately repeating the decrease in tem- 
perature and the temperature rise. For example, the alu- 
minum plate is charged to approximately -2000V to ap- 
is proximately -3000V in the case of unrfonn decrease in 
temperature, whereas electric charge can be restricted 
to approximately -100V if the decrease in temperature 
and the temperature rise are altemately repeated. 
[0234] After the post-fomning bumps heating opera- 
te tion, step 8 In Fig. 27 Is started to execute the following 
operations. The wafer holding part 1 421 of the carry-out 
side transfer device 142 with holding the wafer with 
formed bumps 202 is moved by the operation of the 
moving device 1 423 In the X direction to above the canry- 
25 out device 1 32 . A state after the movement is indicated 
in Fig. 56. 

[0235] After the movement, the driving part 1324 of 
the carry-out device 132 drives, whereby the holding 
part 1 323 Is brought into contact with the rear face 202b 

30 of the wafer with fonned bumps 202 as shown in Fig. 57 
and the wafer with formed bumps 202 Is moved up to 
float by approximately 1mm from the holding hooks 
1417 of the wafer holding part 1421, When the holding 
part 1323 comes in contact with the rear face 202b, the 

35 charge of the rear face 202b is grounded through the 
holding part 1 323. The amount of charge of the rearface 
202b is accordingly reduced as indicated by a reference 
numeral 305 in Fig. 74. The contact member 14100 for 
charge removal maintains the state in contact with the 

40 front face 202a of the wafer with formed bumps 202 also 
when the wafer with fonned bumps is moved up as 
above. Therefore, similar to the case when the wafers 
201 and 202 are delivered at the carry-In device 131 and 
bonding stage 1 1 0, even when charge on the front face 

45 202a is changed in consequence of changing of an 
amount of charge on the rearface 202b because of the 
holding part 1323 coming in contact with the rearface 
202b of the wafer with fomned bumps 202, an amount 
of charge resulting from the change can be eliminated. 

so [0236] After the wafer with fomned bumps is moved 
up, the wafer is held by the suction to the holding part 
1323. 

[0237] After the holding part 1323 holds the wafer with 
formed bumps 202, as shown in Fig. 58, the first holding 
55 member 1 424 and the second holding member 1 425 of 
the wafer holding part 1421 are opened by the driving 
part 1422, thus freeing th holding of the wafer with 
formed bumps 202. 
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[0238] As Indicated in Figs. 59 and 60, after the hold- 
ing is freed, the holding part 1 323 descends to place the 
waf r with formed bunnps 202 onto the holding stage 
1321 . After the wafer with formed bumps Is placed, the 
hold! ng stag 1 321 holds the wafer with formed bumps 
202 by suction according to the example. 
[0239] In step 9 of Fig. 27, the holding stage 1321 
holding the wafer with fonned bumps 202 is moved In 
the X direction by the operation of the moving device 
1 322 for carry-out device, thereby transferring the wafer 
with fonned bumps 202 towards the second storage 
container 206. 

[0240] In step 10, the holding stage 1321 stores the 
wafer with formed bumps 202 Into the second storage 
container 206. 

[0241] As described hereinabove, according to the 
bump fonning apparatus 501 of the example, charge 
generated to the charge appearance semiconductor 
substrate, e.g., piezoelectric substrate wafer or the like 
which generates charge In response to the temperature 
change can be reduced to a level not damaging the cir- 
cuit fomned on the wafer and not brealcing the wafer Itself 
by the temperature rise control and the decrease in tem- 
perature controlforthewaferwithout, forexample, fomn- 
Ing an aluminum film along the dicing lines of the wafer 
or without forming the aluminum film to the whole of the 
rear face of the wafer. 

[0242] Particularly, in a case where the wafer is 
0.2mm thick or thinner, or where a distance between 
lines in the circuit fomied on the wafer is smaller than 
Ipjn and especially a difference of line widths of adja- 
cent lines is large, a large charge removal effect is ob- 
tained by the above temperature rise control and the de- 
crease in temperature control in the preheating opera- 
tion and post-fonning bumps heating operation. 
[0243] In the bump forming apparatus 501 of the mod- 
ified example, the temperature rise gradient in the pre- 
heating operation is set to a constant value of 20**C/min 
and the decrease in temperature gradient in the post- 
forming bumps heating operation Is set to a constant val- 
ue of -20''CAnin. However, the gradient values are not 
limited to the above values. For example, different gra- 
dient values may be adopted at vicinities of the start and 
the end of the preheating and post-fomning bumps heat- 
ing operation, and vicinities of the middle of the preheat- 
ing and post-fomning bumps heating operatton. 
[0244] The temperature rise gradient value, the tem- 
perature rise target temperature, the decrease in tem- 
perature start temperature, the decrease in temperature 
gradient value and the decrease in temperature target 
value In the preheating operatbn, and also the decrease 
in temperature gradient value, the decrease in temper- 
ature target temperature, the temperature rise start tem- 
perature, the temperature rise gradient value and the 
tennperature rise target value in the post-fonning bumps 
heating op ration may be stored beforehand in th 
memory 181 of the controller 1 80 for every kind, very 
material, every size or the like of the wafers to which 



bumps are to be formed. The control can be changed in 
accordance with the kind of wafers to be processed. 
[0245] As described hereinabove in the modified ex- 
ample alike, specific temperature controls are carried 

5 out both at th temperature rise operation for the pre- 
forming bumps wafer 201 and at the decrease in tem- 
perature operation for the wafer with formed bumps 202. 
However, at least the decrease in temperature control 
only at the decrease in temperature operation from the 

10 bump bonding temperature to the room temperature Is 
enough in the example. There is a reason for this as 
follows. That is, as described above, the wafers 201 and 
202 has the characteristic that they are hard to eliminate 
charge once charged. Further the wafer 202 is stored in 

'5 the second storage container 206 after lowered from the 
bump bonding temperature to the room temperature. 
Therefore if the wafer 202 kept charged when stored in 
the second storage container, there would be a possi- 
bility that problenns are caused. Accordingly electric 

^ charge of the wafer 202 should be sufftelently eliminat- 
ed. 

p)246] In the example as well as the bump forming 
apparatus 1 01 described eariier, as shown in Fig. 61 , 
while the wafer with fonned bumps 202 is delivered from 

25 the wafer holding part 1421 ofthe cany-out side transfer 
devbe 142 to the carry-out devbe 132, the ion generator 
190 is preferably disposed to at least a side of the near 
face 202b of the wafer with formed bumps 202, more 
preferably to both sides including a side of the front face 

30 202a. 

[0247] For efficientty removing charge In the post- 
forming bumps heating operation before delivering the 
wafer with fonned bumps 202 to the carry-out devtee 
132 from the wafer holding part 1421 , as shown in Fig. 

35 82, ions by the Ion generator 190 are preferably acted 
to at least the rear face 202b of the wafer with fomied 
bumps 202, more preferably to both faces including the 
front face 202a of the wafer with formed bumps. If the 
blower 1 91 is added, charge can be more effectively re- 

40 moved. A quantity of ions to be generated by the ion 
generator 190 and a volume of the air to be sent from 
the blower 191 may be controlled by the controller 180 
based on the measured amount of charge of at least the 
rear face 202b, preferably both faces including the front 

45 face 202a while measuring the amount of charge with 
the electrostatic sensor 251 . 
[0248] In order to act the ions to the rear face 202b, 
the ion generator 1 90 is arranged below the plate heater 
171 of the post-fonning bumps heating device 570, 

so which necessitates fomnlng through holes 252 de- 
scribed with reference to Fig. 78, as shown in Fig. 82. 
[0249] Further, an arrangement is adoptabie In whk:h 
the ions by the ion generator 190 are let to act also in 
the preheating operation to at least the rear face 201 b 

55 of the pre-forming bumps wafer 201 , preferably to both 
faces including the front face 201 a. Th blower 1 91 and 
the electrostatic sensor 251 may be added to the ar- 
rangement. Charges can be more effbiently removed in 
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the preheating operation alike in this arrangement al- 
though the preheat device 560 should be provided with 
through holes 252 as In Fig. 83 to act the ions to th rear 
face 201b. 

[0250] Similar to the description with reference to s 
Figs. 62 and 63, the preheat device 560 and the post- 
forming bumps heating device 570 may be eliminated 
also from the bump forming apparatus 501 of the mod- 
ified example, wherein the operation shown in Fig. 84 Is 
carried out. That is, the charge appearance semicon- io 
ductor substrate such as the pre-fonrtlng bumps wafer 
201 orthe lilce is disposed via a distance of approximate- 
ly 1 -several mm from the wafer laying stage 111, and 
preheated. After the preheating operation, the charge 
appearance semiconductor substrate Is placed on the is 
wafer laying stage 111 to execute bump bonding. After 
the bump bonding, the charge appearance semiconduc- 
tor substrate is arranged with a non-contact state above 
the wafer laying stage 111 again and heated for post- 
fonming bumps. In step 2201 of Fig. 84, with the use of, 20 
e.g., the transfer device 143 such as the cany-out side 
transfer device 141 orthe like, the pre-fomning bumps 
wafer 201 which is the charge appearance semiconduc- 
tor substrate is disposed from the carry unit 1 30 to above 
the wafer laying stage 1 1 1 of the bonding stage 110. The 2S 
wafer laying stage 111 at this time shows a temperature 
of approximately 40^*0. 

[0251] in step 2203, as described before, the pre- 
forming bumps wafer 201 is raised in temperature at the 
temperature rise rate of 20*>CVmln while the temperature 30 
rise and the decrease in temperature are repeated. 
[0252] In step 2205, the blower 1 1 5 is driven to blow 
the hot air through air holes 1 1 3 of the wafer laying stage 
111 to the pre-fomning bumps wafer 201 . The charge 
charged to the pre-fomning bumps wafer 201 are dis- 35 
charged in the air and removed accordingly. After the 
blowing, In step 2206, the pre-forming bumps wafer 201 
is earned to the wafer laying stage 111 and the suction 
device 114 is operated to suck the pre-fomiing bumps 
wafer 201 onto the wafer laying stage 111. 40 
[0253] In step 2207, bump bonding Is carried out to 
the pre-fomning bumps wafer 201 . 
[0254] In step 2209, the wafer laying stage 111 is 
moved up to make the transfer device 143 hold the 
charge appearance semiconductor substrate. The wa- ^ 
fer laying stage 111 is moved down so as to keep the 
distance between the charge appearance semiconduc- 
tor substrate and the wafer laying stage 11 1 to be about 
1 -several mm. The temperature of the wafer laying 
stage 1 1 1 is decreased from approximately 2 1 0** C to ap- so 
proximately 40*^0 at the decrease in temperature rate of 
e.g., 20*C/min by repeating the decrease in tempera- 
ture and the temperature rise. At this operation, the 
blowing operation forcharge removal canied out in step 
2205 may be conducted concurently. In step 221 0, the 55 
wafer with formed bumps 202 is moved by the transfer 
device from th wafer laying stage 1 11 to the carry-out 
device 132. 



[0255] In the structure where the blower is installed to 
each of the preheat device 560 and the post-fomning 
bumps heating device 570 in the bump fonning appara- 
tus 501 equipped with the preheat device 560 and post- 
fomiing bumps h ating device 570, the abov blowing 
operation for charge removal may be earned out by 
working the blower to jet the gas also in the preheating 
operation and the post-fonning bumps heating opera- 
tion in the bump fonning apparatus 501 with the preheat 
devbe 560 and post-forming bumps heating device 570. 
[0256] The blowing operation for charge removal en- 
ables elimination of charge of the charge appearance 
semiconductor substrate. Particularly when the grooves 
1 4 are formed to the rear face of the charge appearance 
semicondu(^or substrate, charge In the grooves 1 4 can 
be efficiently discharged in the air Therefore, charge of 
the charge appearance semiconductor substrate can be 
more efficiently removed by the blowing operation for 
charge removal executed concun^entiy with the zigzag 
temperature control of the repeated temperature rise 
and decrease in temperature and moreover by the ac- 
tion of the ion to the charge appearance semiconductor 
substrate. 

[0257] Processing with the use of the sub plate is pos- 
sible also In the bump forming apparatus 501 of the ex- 
ample. 

[0258] The entire disclosure of Japanese Patent Ap- 
plication Nos. 11-189053 filed on July 2, 1999, 
11-308855 filed on October 29, 1999, 11-293702 filed 
on October 15, 1999, 11-323979 filed on November 15, 
1 999 and 2000-1 84467 filed on June 20, 2000, Including 
descriptions, claims, drawings and summaries are ail In- 
corporated herein by reference. 
[0259] Although the present invention has been fully 
described in connection with the prefenred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood 
as included within the scope of the present invention as 
defined by the appended claims unless they depart 
therefrom. 



Claims 

1 . A bump forming apparatus for charge appearance 

semiconductor substrates which is equipped with a 
bump fomriing head (120) for fonning bumps onto 
electrodes of a circuit on the charge appearance 
semiconductor substrate (201 , 202) which gener- 
ates electric charge in consequence of a tempera- 
ture change in a state while heated to a bump bond- 
ing temperature necessary for forming the bumps, 
said bump forming apparatus comprising: 

a heating and cooling apparatus (110, 160, 
1 70) for eliminating electric charge generated 
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to the substrate as a result of a decrease in tem- 
perature in cooling the substrate after bumps 
are bonded to the heat d substrat ; and 
a controller (1 80) for executing a decrease in 
temperature control for cooling th substrate 
after the bonding to the heating and cooling ap- 
paratus. 

2. The bump fomning apparatus for charge appear- 
ance semiconductor substrates according to claim 

1 , wherein, when executing the cooling, the heating 
and cooling apparatus comes in contact with a rear 
face (202b) opposite to a front face (202a) as a clr- 
cuit-fomned face of the charge appearance semi- 
conductor substrate so as to eliminate charge gen- 
erated to the substrate because of the decrease in 
temperature in the cooling. 

3. The bump fooDing apparatus for charge appear- 
ance semiconductor substrates according to claim 

2, wherein the heating and cooling apparatus pre- 
heats the substrate to a vicinity of the bump bonding 
temperature before heating the substrate to the 
bump bonding temperature, and further eliminates 
charge generated to the substrate because of a 
temperature rise by the preheating through contact 
with the rear face of the substrate, 

the controller executes a temperature rise 
control for the preheating operation to the heating 
and cooling apparatus. 

4. The bump fomning apparatus for charge appear- 
ance semiconductor substrates according to claim 

3, wherein the heating and cooling apparatus com- 
prises a bump bonding stage (110) for heating the 
substrate to the bump bonding temperature, and a 
cooling device (1 70) for cooling the substrate in ac- 
cordance with the decrease in temperature control 
by the controller. 

5. The bump fomiing apparatus for charge appear- 
ance semiconductor substrates according to claim 

3, wherein the heating and cooling device compris- 
es a bump bonding stage (110) for heating the sub- 
strate to the bump bonding temperature, and a pre- 
heat device (1 60) for preheating the substrate in ac- 
cordance with the temperature rise control by the 
controller. 

6. The bump fomiing apparatus for charge appear- 
ance semiconductor substrates according to claim 

4, wherein the cooling device includes a heat diffus- 
er member (1 63, 1 73) which comes in contact with 
the rear face of the substrate, a heating part (161 , 
171) detachable to the heat diffuser member for 
raising the heat diffuser member In temp rature, 
and a separator (1601, 1701) for separating the 
heat diffuser member and the heating part so as to 



• promote cooling of th heat diffuser member. 

7. The bump forming apparatus for charg app ar- 
ance semiconductor substrates according to claim 

5 5, wherein the pr heat device includes a heat dif- 
fuser member (163, 173) which comes in contact 
with the rear face of the substrate, a heating part 
(1 61 , 1 71 ) which comes in contact with the heat dif- 
fuser member so as to raise the heat diffuser mem- 

10 ber in temperature, and a separator (1601 , 1701) 
for separating the heat diffuser member and the 
heating part so as to promote cooling of the heat 
diffuser member. 

IS 8. The bump forming apparatus for charge appear- 
ance semiconductor substrates according to claim 
2, which further comprises a gas supply device 
(115, 1611, 1711) for supplying a gas to the sub- 
strate placed to the heating and cooling apparatus, 

20 wherein the controller executes a warpage 

con-ection control for correcting a warpage gener- 
ated to the substrate placed to the heating and cool- 
ing apparatus to either the gas supply device, orthe 
heating and cooling apparatus. 

25 

9. The bump forming apparatus for charge appear- 
ance semiconductor substrates according to claim 
8, wherein the controller executes a blowing control 
for charge removal for eliminating charge generat- 

30 ed to the substrate placed to the heating and cooling 
apparatus to the gas supply device. 

10. The bump forming apparatus for charge appear- 
ance semiconductor sut>strates according to claim 

35 2, which further comprises a contact member 
(1 41 00, 1 41 61 ) for charge removal which comes in 
contact with the front face of the substrate to re- 
move an amount of charge generated to the front 
face. 

40 

11. The bump fonning apparatus for charge appear- 
ance semiconductor substrates according to claim 
2, which further comprises an ion generator (190) 
for generating ions for neutralizing charge accumu- 

^ iated to the substrate. 

12. The bump fonning apparatus for charge appear- 
ance semiconductor substrates according to claim 
11, which further comprises a wafer holding part 

50 (1 41 1 , 1 421 ) with holding hooks (1 41 7) for holding 
the substrate by the holding hooks and transferring 
the substrate to the heating and cooling apparatus, 
wherein the wafer holding part and the holding 
hooks are coated with an insulating material at a 

ss portion (14172, 14174) where the ions generated 
from the ion generator act. 

13. The bump fonning apparatus for charge appear- 
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ance semiconductor substrates according to claim 
2, wherein the heating and cooling apparatus is 
metal plated (261) at a portion in contact with th 
rear face of the substrate for Improving a heat con- 
ductivity between the heating and cooling appara- s 
tus and the substrate and removing charge of the 
substrate. 

14. A method for removing charge of charge appear- 
ance semiconductor substrates which generate io 
electric charge In consequence of a temperature 
change thereof, which comprises: 

forming bumps to electrodes of a circuit on the 
substrate with the substrate heated to a bump 
bonding temperature necessary for forming the 
bumps, 

when the substrate Is cooled after forming 
bumps, and 

eliminating electric charge which is generated 20 
to the substrate as a result of a decrease In tem- 
perature in cooling the substrate through a load 
member on which the substrate Is placed. 

1 5. The charge removal method for charge appearance 25 
semiconductor substrates according to claim 14, 
further comprising blowing a gas to the substrate 
loaded on the load member for eliminating charge 
generated to the substrate. 

30 

1 6. The charge removal method for charge appearance 
semiconductor substrates according to claim 14, 
further comprising acting ions to the substrate for 
neutralizing charge accumulated to the substrate. 

35 

17. The charge removal method for charge appearance 
semiconductor substrates according to claim 14, 
further comprising: 



18. A charge removing unit for charge appearance 
semiconductor substrates, which comprises: 



66 

a controller (1 80) for xecuting a decrease in 
temperature control for cooling the substrate to 
the heating and cooling apparatus. 

19. A charge appearanc semiconductor substrate 
which comprises: 

a region for charge removal (14165) which is 
formed to a front face (202a) as a drcuit-f onmed 
face of the charge appearance semiconductor 
substrate (201 , 202) which generates electric 
charge in consequence of a temperature 
change, and which Is fonmed of a conductor for 
eliminating electric charge generated to the 
substrate; and 

dicing lines (212), connected to the region for 
charge removal, for dicing circuit-formed parts 
(211) fomned to the front face from the sub- 
strate. 

20. A method for removing charge of charge appear- 
ance semiconductor substrates, which comprises: 

bringing a charge appearance semiconductor 
substrate defined In claim 19 into contact with 
a contact member (14100, 14161) for charge 
removal defined in claim 10; and 
eliminating electric charge generated to the 
substrate. 

21. A charge appearance semiconductor substrate, 
which has an amount of electric charge of not larger 
than ±200V because of eliminating electric charge 
generated to the charge appearance semiconduc- 
tor substrate (201, 202) which generates electric 
charge in consequence of a temperature change. 

22. The charge appearance semiconductor substrate 
according to claim 21 , which has charge eliminated 
by the charge removal method according to any one 
of claims 14-17. 

23. The charge appearance semiconductor substrate 
according to claim 21 , which has charge eliminated 
by the charge removing apparatus for charge ap- 
pearance semiconductor substrates according to 
daim 18. 

24. The charge appearance semiconductor substrate 
according to claim 21 , which has charge eliminated 
by the charge removal method according to claim 
20. 

25. The bump forming apparatus for charge appear- 
ance semiconductor substrates according to claim 
1 , wherein th decrease in temperature control by 
the controller Is a control for eliminating charge gen- 
erated to the charge appearance semiconductor 



a heating and cooling apparatus (110, 160, 
170) which comes in contact with a rear face so 
(202b) opposite to a front face (202a) as a cir- 
cuit-fonrted face of the charge appearance 
semiconductor substrate which generates 
electric charge in consequence of a tempera- 
ture change, thereby removing electric charge 55 
generated to th substrate as a result of a de- 
crease In temperature In cooling the sut>strate 
after heating the substrate; and 
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25 



eliminating charge generated to a drcuit- 40 
fomned face of the sut)strate by bringing a con- 
tact member (14100) for charge removal into 
contact with the circuit-fonDed face of the sub- 
strate. 
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substrate as a result of the deer ase in temperature 
in the cooling, 

while th heating and cooling apparatus heats 
the substrate to the bump bonding temperature In 
a noncontac^ state to th substrate and cools the 
substrate in the noncontact state in accordance with 
the decrease in temperature control by the control- 
ler after the bonding. 

26. The bump forming apparatus for charge appear- 
ance semiconductor substrates according to claim 
25, wherein the decrease in temperature control is 
executed to repeat aitemately a decrease In tem- 
perature, and a temperature rise with a temperature 
width smaller than a decrease in temperature width 
of the decrease In temperature. 

27. The bump fomning apparatus for charge appear- 
ance semiconductor substrates according to claim 
25, wherein the heating of the substrate at the heat- 
ing and cooling apparatus to the bump bonding tem- 
perature includes preheating operation for prelimi- 
nariiy heating the substrate to a vicinity of the bump 
bonding temperature, 

the controller further executes a temperature 
rise control for removing charge generated to the 
charge appearance semiconductor substrate as a 
result of a temperature rise in the preheating to the 
heating and cooling apparatus. 

28. The bump fomning apparatus for charge appear- 
ance semiconductor substrates according to claim 
27, wherein the temperature rise control Is executed 
to repeat alternately a temperature rise, and a de- 
crease in temperature with a temperature width 
smaller than a raise temperature width of the tem- 
perature rise. 

29. The bump fomiing apparatus for charge appear- 
ance semiconductor substrates according to daim 
25, wherein the heating and cooling apparatus has 
a bump bonding stage (110) for heating the sub- 
strate to the bump bonding temperature and a cool- 
ing device (1 70) for cooling the substrate in accord- 
ance with the decrease in temperature control by 
the controller 

30. The bump fomiing apparatus for charge appear- 
ance semiconductor substrates according to claim 
27, wherein the heating and cooling apparatus has 
a bump bonding stage (110) for heating the sub- 
strate to the bump bonding temperature and a pre- 
heat device (1 60) for preheating the substrate In ac- 
cordance with the temperature rise control by the 
controller. 

31. The bump fomiing apparatus for charge appear- 
ance semiconductor sui^strates according to claim 



29, wherein an ion gen rator (1 90) for generating 
ions to neutralize charge of the substrate and acting 
th ions to the substrat is arranged opposite to the 
substrate placed to the cooling device. 

5 

32. The bump fomning apparatus for charge appear- 
ance semiconductor substrates according to claim 
31 , wherein the heating and cooling apparatus In- 
cludes the bump bonding stage (11 0) for heating the 

10 substrate to the bump bonding temperature and a 
preheat device (1 60) for preheating the substrate to 
avicinity of the bump bonding temperature in a non- 
contact state to the suk>strate before heating the 
substrate to the bump bonding temperature, said 

IS preheat device being subjected to a temperature 
rise control by the controiier for removing charge 
generated to the substrate as a result of the tem- 
perature rise In the preheating, with the ion gener- 
ator an-anged opposite to the substrate disposed to 

20 the preheat device. 

33. The bump forming apparatus for charge appear- 
ance semiconductor substrates according to claim 
31, which further has a wafer holding part (1411, 

25 1421) with holding hooks (141 7) for holding the sub- 
strate, thereby holding and transfemng the sub- 
strate by the holding hooks to the heating and cool- 
ing apparatus, wherein the wafer holding part and 
the holding hooks are coated with an insulating ma- 

30 terial at a portion where the ions generated from the 
Ion generator act. 

34. The bump fomning apparatus for charge appear- 
ance semteonductor substrates according to claim 

35 29, wherein the cooling device has a heat dIfFuser 
member (173) which is arranged opposite to the 
substrate and has a far infrared radiation paint ap- 
plied to a face opposite to the substrate. 

40 35. The bump fomning apparatus for charge appear- 
ance sembonductor substrates according to claim 

30, wherein the preheat device has a heat diffuser 
member (163) which is arranged opposite to the 
substrate and has a far infrared radiation paint ap- 

45 plied to a face opposite to the substrate. 

36. The bump fomning apparatus for charge appear- 
ance semiconductor substrates according to claim 
29, which further includes a warpage con-ection de- 

50 vice (115) connected to the bump bonding stage for 
connecting a warpage of the substrate loaded to the 
bump bonding stage. 

37. The bump forming apparatus for charge appear- 
55 ance semiconductor substrates according to claim 

29, wherein the controller xecutes to the bump 
bonding stag a temp ratur control for warpage 
connection for correcting the warpage of the sub- 
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strate loaded to the bump bonding stag . 

38. The bump fomiing apparatus for charge appear- 
ance semiconductor substrates according to claim 
29, which further has a gas supply device (115) con- 
nected to the bump bonding stage for supplying a 
gas to eliminate charge charged to the substrate 
loaded to the bump bonding stage, wherein the con- 
troller further executes a gas supply control for 
charge removal to the gas supply device. 

39. The bump fonming apparatus for charge appear- 
ance semiconductor substrates according to claim 
25, which further includes a contact member for 
charge removal (14100. 14107, 14113, 14116, 
1 41 20, 1 41 21 , 1 41 22, 1 41 61 ) which comes in con- 
tact with a front face (202a) as a circuit-fomned face 
of the substrate so as to eliminate an amount of 
charge generated to the front face of the substrate. 

40. A method for removing charge of charge appear- 
ance semiconductor substrates which is carried out 
by a bump fonming apparatus, the method compris- 
ing: 

forming bumps to electrodes formed in a circuit 
on the substrate which generates electric 
charge in consequence of a temperature 
change with the substrate heated to a bump 
bonding temperature necessary for f omning the 
bumps; and 

after the bump-forming, when the substrate is 
cooled with use of a cooling device (1 70) ar- 
ranged in a non-contact state to the substrate 
for heating the substrate thereby adjusting a 
decrease in temperature of the substrate, exe- 
cuting a decrease In temperature control for 
eliminating electric charge generated as a re- 
sult of the decrease in temperature in cooling 
the substrate to the cooling device. 



peratur change; and 

a heating and cooling apparatus (110, 160, 
1 70) for heating the substrate in a non-contact 
state to the substrate and cooling th substrate 
5 in accordance with th decrease in temperatur 

control by the controller after the cooling. 

43. A charge appearance semiconductor substrate with 
electric charge eliminated by the charge removal 
10 method for charge appearance semiconductor sub- 
strates according to claim 40. 



IS 



25 



30 



35 



41 . The charge removal method for charge appearance 
semiconductor substrates according to claim 40, 
wherein the decrease in temperature control alter- 
nately repeats a decrease In temperature, and a ^ 
temperature rise by a temperature width smaller 
than a decrease in temperature width of the de- 
crease in temperature. 



42. A charge removing unit for charge appearance so 
semiconductor substrates, which comprises: 



a controller (180) for executing a decrease in 
temperature control to eliminate electric charge 
generated as a result of a decrease in temper- ss 
ature in cooling aft r heating the charge ap- 
pearance semiconductor substrate which gen- 
erates electric charge in consequence of a tem- 
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